N
N

N

HAL

open science

Approche épidémiologique du réle des acides gras sur le
vieillissement cutané dans le cadre de I’étude
SU.VI.MAX

Julie Latreille

» To cite this version:

Julie Latreille. Approche épidémiologique du réle des acides gras sur le vieillissement cutané dans
le cadre de I’étude SU.VI.MAX. Médecine humaine et pathologie. Conservatoire national des arts et

metiers - CNAM, 2013. Francais. NNT: 2013CNAMOS66 . tel-00841613

HAL Id: tel-00841613
https://theses.hal.science/tel-00841613
Submitted on 5 Jul 2013

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://theses.hal.science/tel-00841613
https://hal.archives-ouvertes.fr

e cham

CONSERVATOIRE NATIONAL DES ARTS ET METIERS

ECOLE DOCTORALE ED 415

UNITE de RECHERCHE en EPIDEMIOLOGIE NUTRITIONNELLE

INSERM UMR 557

TH ES E présentée par :

Julie Latreille

soutenue le : 13 juin 2013

pour obtenir le grade de : Docteur du Conservatoire National des Arts et Métie  rs

Discipline/ Spécialité : Epidémiologie spécialité nutrition

Approche épidémiologique du role des acides grasrst
le vieillissement cutané dans le cadre de 'étude

S—

SU.VI.MAX

THESE co-dirigée par :
HERCBERG Serge

EZZEDINE Khaled
RAPPORTEURS :

BRIANCON Serge

SOUFIR Nadem

Professeur, Directeur de recherche INSERM U557, INRA U1125,
CNAM; Université Paris13, Centre de Recherche en Nutrition Humaine
d'lle-de-France

Docteur, Université Bordeaux Segalen et INSERM U557,

Université Paris 13, Bobigny

Professeur, Ecole de Santé Publique, Faculté de médecine, Nancy
Université
Professeur, Département de Génétique, Hopital Bichat

JURY :
SAPORTA Gilbert
ZAGURY Jean-Francois
GUINOT Christiane
MALVY Denis

Professeur, Conservatoire National des Arts et Métiers
Professeur, Conservatoire National des Arts et Métiers
Docteur, Université Frangois Rabelais de Tours
Professeur, Université Bordeaux Segalen



A mes amis, a ma famille,



Remerciements

Mes remerciements vont au Professeur Serge Herebddgcteur Khaled Ezzedine qui ont
co-dirigé la thése, pour la confiance, les consetisle soutien qu’ils ont bien voulu

m’apporter.

Aux professeurs Serge Briangon et Nadem Soufimgjoint fait I’'honneur d’accepter d'étre

les rapporteurs de ce travail.

Aux Professeurs Gilbert Saporta et Jean-Francojgaqui m'ont fait 'honneur de faire

partie de mon jury.

Au Docteur Christiane Guinot pour ses encouragesnetnies précieux enseignements qu’elle

a su me dispenser tout au long de ces années.
Au Professeur Denis Malvy pour son aide et le teq$a su m’accorder.

A toute I'équipe SU.VI.MAX et plus particulieremeatMadame Nathalie Arnault, Monsieur
Gwenael Monot et au Docteur Emmanuelle Kesse pawurdisponibilité, leur gentillesse et

leur contribution a ce travail.

A toute I'equipe du CE.R.I.E.S. pour leur souti¢tears encouragements de tous les jours, et

plus particulierement a madame Emmanuelle Maugeraeiemoiselle Anne Bernard.

Enfin, mes pensées vont a ma famille, mes parantsmpnt permis de réaliser mes études,

Anne qui m’a soutenue au quotidien ainsi que salllam



Résumé

De nombreuses études ont été menées ces derai@réss cherchant a mettre en
évidence I'éventuel effet protecteur de différemisronutriments issus de l'alimentation sur
le vieillissement cutané, et plus particulierement effet photoprotecteur. Mais, bien que la
peau soit chez 'lhomme un des principaux lieuxtdekage de graisses, jusqu’a présent peu
d’attention a été portée au réle possible des Igpide

L'objectif de cette thése était d’étudier le liemtre I'apport alimentaire en acides gras
et le photo-vieilissement cutané au niveau dugasahez une population d’hommes et de
femmes de la cohorte SU.VI.MAX, agés entre 45 etle® a I'inclusion dans la cohorte. La
sévérité du photo-vieillissement a été appréciéecams de I'examen clinique d’inclusion a
I'aide d’'une échelle photographique validée a @aiw. L'apport alimentaire en acides gras a
éte, quant a lui, estimé a partir de 10 questioeeaiécupérant les données alimentaires sur
une période de 24 heures (enregistrements 24 Deyuesnt été renseignés au cours des 2

ans et demi qui ont suivi I'inclusion.

Le lien entre la sévérité du photo-vieillissemenies apports en acides gras mono-
insaturés (AGMI) a été tout d’abord étudié, etialfabjet d’'une premiere publication dans la
revue PLoS ONE. Puis, le lien entre la sévéritéptato-vieillissement et les acides gras
polyinsaturés (AGPI) n-3 a été étudié, et ce tltaest actuellement soumis pour publication

dans le Journal of Dermatological Science.

Les analyses ont été réalisées globalement ealpaents sources pour chacun des
sexes. Chez les hommes et les femmes, une assodraterse a été trouvée entre les apports
en AGMI provenant des huiles végétales, en partictihuile d'olive, et la sévérité du photo-
vieillissement. Par contre, aucun lien n'a été emnsvidence entre le photo-vieillissement et

les apports provenant des sources animales (psddiiiers, viandes ou charcuteries).

Lors de I'étude des AGPI n-3, une associationnsee été mise en évidence chez les
hommes entre la sévérité du photo-vieillissementapport en acidex-linolénique (ALA,
C18:3 n-3). Chez les femmes, une association iavarété trouvée avec l'apport en acide
eicosapentaénoique (EPA, C20:5 n-3). L'analysdisgmaselon les sources d’ALA, a permis
également de montrer chez les hommes une assaciatierse entre la sévérité du photo-

vieillissement et les apports en ALA des huiles va&igé et des fruits et légumes. Chez les



femmes, une tendance inverse a été uniquementemigwidence avec les ALA des huiles

végétales. Par contre, aucun lien n'a été troueé s apports en ALA des produits laitiers.

Ces résultats mettent en avant le role potentietqunotecteur de I'huile d’olive et des AGPI
n-3 sur le vieillissement cutané. lls contribuesbatenir les recommandations en faveur d’'un
régime riche en huile d’olive et en AGPI n-3, comimeégime méditerranéen. Des travaux de
recherche complémentaires devraient maintenantnéémeés afin d’étudier le réle éventuel
des composants mineurs de I'huile d'olive, tels tpee polyphénols, sur le vieillissement

cutaneé.

Mots-clés :Epidémiologie, photo-vieillissement, acides gragrition.



Résumé en anglais

Over the last years, number of studies were cdeduto highlight the possible
protection of micronutrients from diet on skin agiagd in particular photoprotection. Skin is
a major fat storage organ in humans, however the ablipids intakes has been very few

investigated.

The aim of this thesis was to investigate the @afion between the risk of facial
severe photoaging and the intake of fatty acida population of men and women from the
SU.VI.MAX cohort, aged between 45 and 60 yearsatldhclusion. Severity of facial skin
photoaging was graded during a clinical examinatibibaseline using a 6-grade validated
scale illustrated by photographs. Dietary fattydacintakes were estimated through ten
questionnaires on diet over the past 24-hour pg@deh diet records) completed during the

first 2.5 years of the follow-up period.

The association between the risk of severe photgagnd monounsaturated fatty
acids (MUFA) intakes has been first investigated end@lready published in PLoS ONE
journal. Then, the association between the risgewkere photoaging and n-3 polyunsaturated
fatty acids (n-3 PUFAS) has been studied and tlidkws currently submitted for publication
in the Journal of Dermatological Science.

The analyses have been performed globally anddy $ources for each sexe. In both
genders, an inverse association was found betweakels of MUFA from vegetable oil, in
particular olive oil, and the severity of photoagiWhereas no association was found with
intake of monounsaturated fatty acids from anin@lrees, whether from dairy products,

meat or processed meat.

Concerning n-3 PUFAs, severe photoaging was inlyerassociated with higher
intake ofa-linolenic acid (ALA, C18:3 n-3) in men and highetake of eicosapentaenoic
acid (EPA, C20:5 n-3) in women. When considering different food sources of ALA, an
inverse association was revealed in men betweemesphetoaging and ALA from vegetable
oil, as well as with ALA from fruits and vegetabl@hereas no association was highlighted
with ALA from dairy products. In women, ALA from getable oil tended also to be

inversely linked to photoaging severity.



These findings support the possible photoproteaitect of olive oil and n-3 PUFAs.
They help to support recommendations for a diét mcolive oil and n-3 PUFAs such as the
Mediterranean diet. Further research should be cmwlucted to investigate the possible role

of minor components of olive oil, such as polypHenon skin aging

Key-words: Epidemiology, photoaging, fatty acids, diet
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1. Introduction générale et objectifs
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1.1 Peau et vieillissement cutané

1.1.1 Structure et fonction de la peau

La peau est I'organe qui est le plus lourd et les@tendu de I'organisme avec une surface de
+ 2 m2 et un poids variant entre 4,5 et 5 kg. Clest enveloppe qui protege I'individu et se
compose de trois tissus superposés : I'épidernmssu(tisupérieur), le derme (tissu
intermédiaire) et I'hypoderme (tissu le plus profp@Figure 1) (Dubus et Vergier, 2000 ;
Melissopoulos et Levacher, 1998). La peau contiegglement différentes annexes qui

participent a 'homéostasie, dont les poils, lesdes sébacées et sudoripares.

Figure 1. Représentation schématique d'une coupe depeau (tiree de

http://www.esthetique.qc.ca/services_fr/peau/schemau.html)

couche comée couche

/ //HEJTaIPighi . l;che‘basale ouverture du conduit
- = / o
,. ‘ ,.-;:/'j

. sudorifére
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sudoripare fibres de
collagéne
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[ ] {hypoderme)

papillL follicule corpuscule

: b ¢
vaisseau sanguin du [.ICII' p“BllX d pacini

1.1.1.1 Epiderme

L’épidermeest constitué de 4 ou 5 couches superposées seloanalisation qui vont de la
couche cornée (la couche supérieure) a la couckalébdla couche la plus profonde en
contact avec la jonction dermo-épidermique). Quayyees de cellules se trouvent dans
I'épiderme : les kératinocytes, les mélanocytes,cellules de Langerhans et les cellules de
Merkel (Figure 2).

18



Figure 2. Epiderme (tirée de http://biologiedelapeau.fr)

couche cornée

couche
granuleuse

couche spineuse

couche basale

membrane basale

cellule cellule mélanocyte kératinocytes
de Merkel de Langerhans

Les kératinocytes, qui représentent 90% des csllidel’épiderme, sont présents dans toutes
les couches : de la couche basale, zone de mediiijpin de ces cellules, aux couches les plus
superficielles. Les kératinocytes migrent prognessient vers la surface, ce phénomeéne étant
accompagné d’'une modification de leur compositimurpaboutir a la couche cornée

(Figure 3). En surface, les cellules de la couatraée perdent leur adhérence puis tombent

(phénomeéne de desquamation).

Figure 3. Différentiation progressive des kératinogtes(tirée de Maziere, 1997)
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Les mélanocytes qui représentent environ 1% ddaleglde I'épiderme sont uniquement
situés dans la couche basale. Ces cellules de ayréaitle présentent de nombreux
prolongements (dendrites) qui sont en contact se&ératinocytes de leur voisinage. Elles
fabriquent de la mélanine sous la forme de petaig (les mélanosomes) qui migrent dans
les dendrites et pénetrent dans les kératinoclygequalité et la quantité de mélanine produite
dépendent de facteurs génétiques individuelsaltheux types de mélanine, la phaeomélanine
et 'eumélanine et c’est le ratio entre ces deygesyde mélanines qui détermine la couleur de
la peau. L'eumélanine est le dispositif le pluscaife pour protéger du rayonnement solaire.
En effet, les rayons ultraviolets entrainent ungnaentation de la production de I'eumélanine
qui ira jouer un rdle de parasol en protégeanntsux des kératinocytes (phénoméne du
bronzage) (Rees, 2003).

Les cellules de Langerhans, qui constituent 2 adé%a population cellulaire épidermique,
sont présentes dans toutes les couches de I'émdetrforment un réseau de cellules étoilées
reliées entre elles et ayant la capacité de camiée substance étrangére. Elles jouent un role

dans l'inflammation cutanée et ont un réle primakdians 'immunité cutanée.

Enfin, les cellules de Merkel, ont une fonction meandocrine. Elles exercent un rdle
mécano-récepteur et sont localisées au niveau dmulzhe basale au contact des terminaisons

nerveuses.

Outre les cellules, I'épiderme est composé égalerdenlipides, a la fois des lipides de
surface qui forment le film hydrolipidique et dégides dits intra-épidermiques. Les glandes
sébacées synthétisent les lipides de surface quieswmuite excrétés dans le sébum. Ces
lipides se composent essentiellement de squalésté)(lde cire (25%) et de triglycérides
(60%). Les lipides intra-épidermiques sont syn#@&ti par les kératinocytes. lls sont
composés de céramides (50%), de cholestérol (25%)aeides gras libres (25%). La
synthese de ces lipides a lieu au moment de laakiom de la couche cornébBans les
couches épineuses et granuleuses, les corps lae®llau corps d’Odland), petits organites
sécrétoires (0,2 a 0,3 um) issus de l'appareil ddgiGapparaissent (Figures 3 et 4). lls
contiennent a la fois les précurseurs lipidiqueslgedes de la couche cornée et les enzymes
utiles a leur conversion. Lors du passage de latmgranuleuse a la couche cornée, les corps
lamellaires migrent jusqu’a la membrane plasmiquekigatinoyctes, ou ils fusionnent avec
la membrane et déversent leur contenu dans l'esjpaieecellulaire. Aprés sécrétion, les

précurseurs lipidiques sont modifiés et s’organisamiamellaequi remplissent les espaces
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inter-cornéocytaires. La membrane lamellaire irgkutaire ainsi constituée est,
contrairement a la plupart des membranes biologigdépourvues de phospholipides. Au
cours de la différentiation des kératinocytes, ale€duche la plus profonde (couche basale)
vers la couche supérieure (couche cornée), la catigrodipidique change. En effet, la
couche basale est riche en phospholipides et panvEramide alors que la couche cornée
est pauvre en phospholipides et riche en céramaadédes gras libres et stérols (Elias, 1983).

L’épiderme a essentiellement une fonction de ptatecde l'organisme : protections
meécanique, antimicrobienne, fonction immunitaireptection contre les rayonnements
ultraviolets (UV) (photoprotection) et protectiohetmique. Il a également une fonction
métabolique et endocrine. En effet, la peau sawitn des ultraviolets B (UVB) synthétise

la vitamine B dans la partie profonde de I'épiderme.

Figure 4. Mécanisme de formation des lamelles lipiques extra-cornéocytaires(tirée de
Feingold, 2007)
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1.1.1.2 Derme

Le derme est un tissu conjonctif de soutien. lidbgsé en deux parties, le derme papillaire ou
superficiel, qui représente un cinquiéme du deretde derme réticulaire ou profond qui

représente les quatre cinquiemes du derme.

Le derme est composé de fibroblastes, celluleonupour réle de synthétiser le collagéne,
I'élastine, la substance fondamentale et les ghatépres. L'ensemble va former la matrice
extracellulaire du derme qui permettra d’absorlesrfbrces de tensions. Le derme possede
également des cellules migratrices qui participgna défense de I'organisme dont les
leucocytes, les mastocytes et les macrophages. i3 @n retrouve dans le derme des
vaisseaux de petit diametre, des nerfs « libresdes nerfs reliés a différents corpuscules
sensoriels. Il contient également les annexeds,mlandes sébacées et sudoripares.

Le derme a une fonction de soutien, il supportpidiérme. Il a également une fonction
métabolique (et nutritionnelle) grace a son réseasculaire et lymphatique. Le réseau
sanguin lui permet également de réguler la tempratorporelle. Le derme est comme
I'épiderme impliqué dans les mécanismes de défg@seocytes, mastocytes et macrophages)
et de réparation. Enfin, il assure une fonctionseeelle grace a ses fibres nerveuses et ses

récepteurs sensoriels.

1.1.1.3 Hypoderme

L’hypoderme, ou tissu adipeux blanc, est rattacha partie profonde du derme par des
expansions de fibres de collagene et d'élastinefaymient des cloisons entre les lobules
adipeux. Ces cloisons se fixent en profondeur aexbranes fibreuses qui entourent les
muscles (aponévrose) et les os (périoste). Cesodsi autorisent le passage des fibres
nerveuses et des vaisseaux sanguins. Les lobuhdsresmplis d’adipocytes, des cellules

adipeuses dérivées des fibroblastes. Ces cellolsspécialisées dans I'accumulation et le
stockage des graisses. Le tissu adipeux cutanéspamd environ a 85% de notre graisse
corporelle totale. La distribution du tissu adipeest clairement différente selon les sexes.
Chez les hommes, le tissu adipeux a tendance eus'ader dans la partie haute du corps, au
dessus de la ceinture, au niveau du ventre et plasles (répartition androide). Chez les
femmes, le tissu adipeux a tendance a s’accumales h partie inférieure, sous ombilicale,

au niveau des cuisses, des hanches et des feigzagi{ion gynoide).
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L’hypoderme a une fonction mécanique, il amortg hocs et permet également de lutter
contre le froid. Enfin, ’hypoderme joue le rble iserve énergétique. Les graisses contenues
dans les adipocytes, peuvent étre remises en aii@o) via la voie veineuse, lors d'un effort

intense ou lors d'une déficience en apport enepgeti

1.1.2 Vieillissement de la peau

Le vieillissement cutané est un processus compiexiéfactoriel qui résulte principalement
de deux phénomenes : le vieillissement intrinsépueoncerne 'ensemble du tégument et le
vieillissement extrinséque d( aux facteurs enviromrgaux et comportementaux (Boisnic et
Branchet, 2000 ; Fischer &k, 2002 ; Yaar et Gilchrest, 2007).

1.1.2.1 Vieillissement intrinseque

Le vieillissement intrinséque ou chronologique iastuctable et peut étre considéré comme
génétiquement déterminé. Il résulte d’'un déséqeiliémtre les dommages cellulaires et les
mécanismes de défense cellulaire, et aboutit antedifications de la structure et de la
fonction de la peau (Boisnic et Branchet, 2000ssBeon et Ortonne, 2003). Ainsi, au cours
du vieillissement une diminution du nombre de métgtes fonctionnels et de cellules de
Langerhans dans I'épiderme est observée. La jona&rmo-épidermique est également
modifiée. Les crétes épidermiques s’aplatissentindiemt ainsi les zones de contact entre
I'épiderme et le derme. Les échanges de nutrimetnde métabolites entre les deux couches
sont ainsi réduits. Le derme s’atrophie égalemémtnombre de fibres de collagene
s’amoindrit et les fibres deviennent plus épaistedésorganisées. Les fibres élastiques sont
également altérées dans le derme papillaire, BSpar des vaisseaux est réduite et la
vascularisation du derme papillaire diminuée. De Im@uses modifications visuelles de la
peau sont ainsi engendrées, telles que l'appartienrides, de relachement cutané, de
sécheresse cutanée, de paleur de la peau, I'appaté kératose séborrhéique ou encore de

taches rubis.

1.1.2.2 Photo-vieillissement cutané

Parmi les différents facteurs responsables duligggiment cutané extrinséque, I'exposition

aux radiations UV en est le principal, on parleralde photo-vieillissement cutané. Les
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radiations UV vont étre a l'origine d’'une forte pration d’espéces réactives de I'oxygene
(ERO) qui mettra & mal les défenses antioxydantels ¢wau (Rabe etl., 2006 ; Yaar et

Gilchrest, 2007 ; Sage at., 2012). En effet, le rayonnement UVB, tres énéggét pénetre

au niveau de I'épiderme ou il induit directemend demmages ADN (dimeres cyclobutane et
les photoproduits 6-4) dans les kératinocytes ®triélanocytes. Le rayonnement UVA, bien
gue moins énergétique, est reconnu pour étre égatefartement impliqué dans le photo-
vieillissement. Il pénetre plus profondément que UB/B dans la peau et peut atteindre le

derme profond et le tissu sous cutané (Figure 5).

Figure 5. Couches de la peau atteintes par les UW éonction de leur longueur d’onde
(tirée de Goralczyk et Wertz, 2009).
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Les UVA sont tres faiblement absorbés par 'ADN snakcitent d’autres chromophores
endogenes (NADP/NADPH, coenzymes flaviniques, ngyaphyrinique) jouant un role de
photosensibilisateurs et générant ainsi la prodocti’ERO (principalement I'oxygene
singulet '0,) qui endommage I'ADN (diméres cyclobutane, 8-oXmxyguanosine), les
lipides et les protéines (Sageatt 2012). Les radiations UV (A et B) sont donc aifjme
d’'une surproduction d’'ERO qui provoque égalemer t@ponse inflammatoire de la peau et

une immunosuppression. Ces différentes manifestatiangmentent I'expression de
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métalloprotéinases (MMP) qui dégradent les macrémdés de la matrice extra-cellulaire
(collagéne, élastine...) via l'activation des facteute transcription AP et NFkB et
I'inactivation de récepteurs aux rétinoides (Fige Ces différentes altérations sont a

I'origine du photo-vieillissement.

Figure 6. Effets des UV sur les kératinocytes etddibroblastes(tirée de Rabe el., 2006).
Les UV induisent des especes réactives de I'oxy@gR@S) qui peuvent endommager 'ADN
(#) ou inhiber la tyrosine phosphatase entrainant aaseade intracellulaire qui active le
complexe de transcription Activator protein 1 (APLes UV peuvent également directement
activer la protéine c-Jun, et peuvent induire urmairdition des récepteurs nucléaires aux
rétinoides et donc de l'acide rétinoique (RA) quit @e facon antagoniste sur le facteur de
transcription AR. Les UV peuvent également produire directementnalgimations de I’ADN

(| ), une activation du facteur de transcription kE-et une diminution de Il'activité des
récepteurs TGIB-qui influent sur la production de cytokine inflarataire et sur la formation
du collagéne. Abréviation : métalloprotéinases (MMP
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Le photo-vieillissement se superpose alors auliggiment intrinséque et engendre lui aussi
des modifications de I'épiderme et du derme etlaceéde vieillissement. L’épiderme devient
irrégulier, parfois atrophié, parfois hyperplasique nombre de cellules de Langerhans

diminue tandis que le nombre de mélanocytes hyasiples augmente. Le tissu conjonctif
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dermique est altéré. La microvascularisation esdri#ée : perte des plexus papillaires avec
aplatissement des crétes papillaires, et eégaledition et élargissement des vaisseaux dans
le derme papillaire et le derme moyen. Le collagdiménue et le tissu élastique dystrophique
s’accumule. Le photo-vieillissement cutané se ¢arme alors par une peau plus épaisse
(élastose solaire), rugueuse, jaunatre et hyperlBes ridules, puis des rides profondes
apparaissent, des télangiectasies (reflet desatit@és vasculaires au niveau du derme), des
taches pigmentaires encore appelées lentigine®iftérdes altérations des mélanocytes), une
hyperplasie sébacée constituée de multiples papaless, molles, ombiliquées en leur

centre, ainsi que de kératoses actiniques, cogsEgd@omme des Iésions précancéreuses.

1.2 Acides gras : sources et métabolisme

1.2.1 Nomenclature des acides gras

Les acides gras font partie de la grande familkelgédes (Fahyet al, 2005), ils sont formés
d’'une chaine hydrocarbonée avec un groupement cdeb@XOOH) a une extrémité et un
groupement méthyle (GH a l'autre extrémité (Guesnet at, 2005) (Figure 7). lls sont
insaturés ou saturés selon qu’ils contiennent (Adsl)pas (AGS) des doubles liaisons. lls
peuvent également, lorsqu’ils possedent des dolibisens, présenter des configurations en
cis ou trans. A I'état naturel, la majorité desdasi gras ont la configuration cis. Différentes
nomenclatures existent, les nutritionnistes utilida nomenclature qui indique la longueur de
leur chaine carbonée, I'absence ou la présenceodeles liaisons qui reflete la réactivité
biochimique, et 'appartenance a la famille (pasitde la premiére double liaison par rapport
au groupement méthyle terminal). Parmi les AGI,timuve les acides gras monoinsaturés
(AGMI) qui ne présentent qu’une seule double liaisbtes acides gras polyinsaturés (AGPI)
qui présentent plusieurs doubles liaisons. Parmi A&PI, il existe deux familles d’AG
nommeées famille des oméga-3 ou n-3 et famille dedégarb ou n-6. Les précurseurs de la
famille des oméga-3 et oméga-6 sont respectiveftaande a-linolénique (ALA, C18:3 n-3)

et I'acide linoléique (LA, C18:2 n-6). Ces précunsepeuvent étre allongés et désaturés en

leurs dérivés a longue chaine en particulier :idaarachidonique (AA, C20:4 n-6), I'acide
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eicosapentaénoique (EPA, C20:5 n-3), l'acide dqusaénoique (DPA C22:5, n-3) et
I'acide docosahexaénoique (DHA, C22:6 n-3).
Figure 7. Structure et nomenclature des principalesamilles des acides gragadaptée de

Guesnet eal., 2005). La chaine carbonée est représentée pactassion de sphéres (atomes
de carbone) reliées entre elles par des liaisora eates.
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Les acides gras proviennent d’'une part de l'aliraton et peuvent étre également synthétisés

par I'organisme.

1.2.2 Acides gras alimentaires

Les acides gras fournis par I'alimentation se prtes# essentiellement estérifiés sous forme
de triglycérides qui représentent 95 % des lipalesentaires (AFSSA, 2010, saisine n°2006-
SA-0359). Les AG se présentent également estéerdiiés forme de phospholipides qui

constituent 1 & 5% des lipides alimentaires, etedgant sous forme d’esters de cholestérol

qui correspondent eux-mémes a moins de 1% desdipittaentaires.
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Les acides gras saturés les plus fréquemment rigdsosont I'acide palmitique (C16:0),
I'acide stéarique (C18:0) (Figure 7), l'acide laue (C12:0) et I'acide myristique (C14:0)
que I'on retrouve dans les graisses animales (betromage, saindoux, lard, suif, huile de
poisson...) et également dans certaines matieresegrasgetales (huile de noix de coco,

beurre de cacao, huile de palme) (Arnauklgt2006).

L’'acide oléiqgue (C18:1 n-9) est l'acide gras monatogé le plus largement représenté
(Figure 7). Des quantités importantes d’acide okigont présentes dans les huiles végétales
notamment I'huile d'olive, huile d’arachide et I'heiide sésame, les oléagineux (noix de
macadamia, noisette, noix de cajou, amande), @anfsuits (avocat, olive) et également dans
les graisses animales comme la graisse de cankrdahdoux. L'acide palmitoléique (C16:1
n-7), qui est représenté en quantité moindre gaeidé oléique, est présent de facon

importante dans les huiles de poisson.

Parmi les AGPI, I'acide linoléique (LA, C18:2 n-6%t le plus abondant dans I'alimentation
(Figure 7). Les sources importantes sont les huiégggtales, notamment I'huile de tournesol
et I'huile de mais. L'acide-linolénique (ALA, C18:3 n-3) est également largetencontré

dans la nature. Les aliments riches en acide ALAt $em huiles végétales hautement
insaturées, dont l'huile de colza et I'huile deasogt les noix. Les produits laitiers sont
également des sources significatives d’ALA ainsi tpgelégumes verts malgré leur faible

contenu en lipides.

Les principales sources d’acide arachidonique (B20:4 n-6) sont les ceufs, les viandes et la
charcuterie. Enfin, les acides gras a longue chdérla famille des omégas 3 sont présents en
quantité importante dans les poissons, crustacpsodtiits animaux autres que les produits
laitiers. Les poissons et les crustacés sont lesrcasu principales de I'acide
eicosapentaénoique (EPA, C20:5 n-3) et de l'acmmsbhexaénoique (DHA, C22:6 n-3).
L’acide docosapentaénoique (DPA, C22:5 n-3) esteggat trouvé en quantité importante

dans la viande et la charcuterie.
1.2.3 Biodisponibilité des acides gras alimentaires

Les mécanismes de digestion, absorption et transpes lipides sont adaptés a leurs

caractéristiques hydrophobes, apolaires et tresgebles dans I'eau (Lecleire, 2008).
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La dégradation des lipides commence dans la céwiteale sous l'action d’'une enzyme
salivaire : la lipase salivaire. Puis, ils subissdahs I'estomac un brassage en présence
d’acide chlorhydrique. Les lipides sont alors mé&mg I'eau en une émulsion avant d’étre
évacues vers le duodénum ou la bile sécrétée garelet constituée par ses sels biliaires va
permettre de fractionner les grosses gouttelettepatites gouttelettes entourées de bile
(Figure 8). Dans les intestins, les triglycéridesitsensuite hydrolysés par la lipase et la
colipase du pancréas qui liberent des monoglyceredades acides gras libres absorbables.
Les phopholipides sont hydrolysés par la phosphsépA2 qui libére les acides gras et les
lysophospholipides. Enfin le cholestérol estéra¥a hydrolysé par la cholestérol-estérase.
Les monoglycérides, les acides gras libres, lesplysspholipides et le cholestérol libre
participent a la formation des micelles mixtes pgimettent le passage en milieu hydrophile
de substances lipophiles vers la bordure en brpsseendocytose. Les micelles sont
endocytées dans le jéjunum. Les acides gras aeltaarte et moyenne (C <= 10) sont
directement absorbés par diffusion passive et patés rapidement par I'albumine via la

veine porte jusqu’au foie ou ils sont métabolisés.

Les monoglycérides, les acides gras libres, lesplysspholipides et le cholestérol libre
quittent les micelles pour entrer dans les entéescy es acides gras a longue chaine (C > 10)
sont trop lipophiles pour étre directement sécrd@ss la circulation. lls seront resynthétisés
en triglycérides, phospholipides et cholestérotéréges dans le reticulum endoplasmique de
la cellule, puis combinés a une protéine (bétaglipteine) pour former les chylomicrons pour
étre transportable dans le sang. Les chylomicromsteqt I'entérocyte par exocytose,
pénétrent dans les chyliféeres des villosités imakds et empruntent le systéme lymphatique
pour gagner la circulation sanguine au niveau deeslae sous-claviere gauche. Lorsque les
chylomicrons atteignent les capillaires des tisq#siphériques, les triglycérides sont
hydrolysés en glycérol et en acides gras non &étepuis stockés dans le tissu adipeux, ou
utilisés comme substrat énergétique dans les esllolusculaires. Les triglycérides et les
esters de cholestérol résiduels qui n'ont pas #iéas forment les lipoprotéines rémanentes

qui sont captées par le foie.

Dans des circonstances normales, 95% des lipideserghires peuvent étre digérés et

absorbés par notre systeme digestif.
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Figure 8. Digestion, absorption et transport des fiides (tiré de

http://www.biodeug.com/master-1-physio-animale-ctrag?-fonction-digestive/)
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1.2.4 Synthése des acides gras

1.2.4.1 Synthese des acides gras saturés

Les acides gras saturés peuvent également étrieetiges de novo par le foie, le cerveau, le
tissu adipeux, et la glande mammaire au cours tectation (Legrand, 2007). L’importance
de cette synthése va dépendre de I'apport alintentainsi, elle augmente lorsque I'apport
calorigue dépasse les besoins énergétiques ow’lams alimentation riche en hydrates de

carbone. La synthese de novo des acides grasamehpse a lieu dans le cytosol des cellules

30



des différents tissus. Les acides gras sont formpartir de I'acétyl-coenzyme A (acétyl-
CoA) qui provient de I'oxydation du pyruvate prodiairs de la dégradation du glucose, de la
dégradation des acides aminés, de I'oxydation aleddl et de la fermentation des fibres

alimentaires.

1.2.4.2 Synthese des acides gras monoinsaturés

Chez 'homme, une partie importante des acides ggasrés sont convertis en acides gras
monoinsaturés. Une enzyme, M@ désaturase, introduit une double liaison surid@ac
palmitique (C16:0) et sur l'acide stéarique (C18mur former respectivement l'acide
palmitoléique (C16:1 n-7) et I'acide oléique (C18:=B) qui sont les deux principaux AGMI
(Figure 9). L'acide palmitoléique est faiblemenhthétisé par rapport a I'acide oléique qui
est lui activement synthétisé par les cellules.

Figure 9. Biosynthese des acides gras insatur@slaptée d’aprés Legrand, 2007)

Animaux, végétaux,

bactéries aérobies ‘ ARIMAUX ‘
1
160 89 161 —B6. 160 £ . 132 B3, 183 £ . 203 Db 04 n-7

€

18:0 &18:1{0;\)—;&—& 182 -£— 202 -85, 203

]
_________________ : 24:4 L8, 945
[vegetaw| 22| | 4 B
1
1822 (LA)26. 183 £ 203 —L85.204 (AA— 224 29:5
]
1
A15 : 24:5 A8, 746
: e | B

‘A6 = A5
18:3 (ALA)-=2 18:4 —— 20:4 -=2.20:5 (EPA)——22:5 (DPA) 22:6 (DHA)
1
1
1

Le symbole Aindique une désaturation, avec la place de la double liaison introduite repérée a partir du
groupe carboxyle COOH, € indigue une élongation et B une B-oxydation.

Les familles n-7 et n-9 ne sont pas essentielles car leur précurseur est synthétisable par I'homme.

Les familles n-6 et n-3 constituent les acides gras essentiels.
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1.2.4.3 Synthese des acides gras polyinsaturés

Les principaux acides gras polyinsaturés proviendertacide oléique (OA, 18:1 n-9) apres
une suite d’élongation et de désaturation (FigureL®cide linoléique (LA, 18:2 n-6) et
I'acidea-linolénique (ALA, C18:3 n-3) qui ne peuvent pageé&tynthétisés par I’homme, sont
dits acides gras « indispensables », et doiveataiportés par l'alimentation. Il n’existe pas
d’interconversion entre les deux familles. Ellegg@gent par ailleurs les mémes enzymes pour
métaboliser leurs acides gras a longue chaine enérmonc en compétition. Leurs dérivés,
les acides gras a longue chaine, sont considémseales acides gras « conditionnellement
indispensables » puisque 'homme peut les syn#réid dispose des acides gras précurseurs
indispensables. Néanmoins, la conversion de LA leA &n dérivés est peu efficace chez
’homme adulte (Astorg etl., 2007). Des apports adéquats en AGPI a longuenehai

semblent donc importants pour maintenir un fonctesnent optimal des cellules.

1.2.5 Apports nutritionnels conseillés pour leslasigras

L’Agence francaise de sécurité sanitaire des alimmghESSA) s’est autosaisie en 2006 pour
réactualiser les apports nutritionnels conseillds@) pour les acides gras et a publié un avis
en mars 2010 (AFSSA, 2010, saisine n° 2006-SA-0358 nouveaux ANC ont été définis

en considérant les besoins physiologiques minineugs besoins physiologiques optimaux
afin de retarder I'apparition des pathologies (préion primaire) (Tableau 1). Les ANC sont
établis pour le sujet adulte (homme ou femme) pouapport énergétique de 2000 kcal. Les
valeurs sont exprimées en pourcentage de l'apputgétique sans alcool, excepté pour
'acide eicosapentaénoique (EPA) et l'acide docosadrique (DHA) ou elles sont

exprimées en milligrammes.
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Tableau 1. Apports nutritionnels conseillés pour Is acides gras (AFSSA, 2010, saisine
n°2006-SA-0359)

Besoin Prévention du risque
physio- Syndrome Pathologies Cancers: Pathologies  Autres ANC
logique métabolique  cardio- sein et neuro- pathologies : 2010
minimal*  diabéte-obésitévasculaires cb6lon** psychiatriques DMLA***
Lipides totaux' 30° 30-40 35-40 35-40 35-40 <40 35-40
@ C18:2n-6 2 v4 5 2° 2¢ <4' 49
83
2 2 c18:3n-3 0,8 0,8 1h 0,8° 0,8° 0,8° 1"
<Z
= C22:6 n-3 250 mg 250 mg
500 mg 500-750 rﬁg 500 mg > 200-300 mg 500 mg
()] .
% C20:5 n-3 - 250 mg
c N
55 Cl2:0
@ & +C14:0 - - <g" - - - <8
T2 + C16:0
& c Acides Gras ] K <12 <12 i ] <12
2 Saturés totaux - - -
C18:1 n-9 - - <20™ - - - 15-20

Acide linoléique : C18:2 n-6, Acida-linolénique : C18:3 n-3, Acide docosahexaénoiq@®@22:6 n-3, Acide
eicosapentaénoique : C20:5 n-3, Acide laurique2:@1Acide myristique : C14:0, Acide palmitique 1&0,
Acide oléique : C18:1 n-9.

*correspond pour les acides gras a un apport naicesgour éviter tout syndrome de déficit alimergaen
acides gras indispensables. Ces recommandatiomeassn bon fonctionnement de I'ensemble de I'nigae

et notamment le développement et le fonctionnernérdbral. ** parmi les cancers étudiés, seulestades
relatives aux cancers du sein et du cblon perntetit&tablir des recommandations. *** parmi les nuies
étudiées, seules les études relatives a la dégéedice maculaire liée a 'age (DMLA) permettentatyir des
recommandations. «-» absence de données biblidgueshpermettant de conclure.

# Les valeurs ne s‘appliquent que pour un apportgétigue proche de 2000 kcal et une balance éngugét
équilibrée.® Un besoin minimum de 30 % parait souhaitable passurer I‘apport minimum en AGPI
indispensables. De plus, il n'y a aucun bénéfidescendre en deca de 309our des apports de moins de 35
%, il n'y a pas de bénéfice établi pour la santélicaasculaire’ Les valeurs proposées pour la prévention des
risques de maladies cardiovasculaires et de syraroéiabolique peuvent s‘appliquer en I'absenceamées
spécifiques étant donnée la possibilité d‘un liathpgénique® En I'absence de données spécifiques, le besoin
physiologique s'appliqué.Sur la base d‘études d‘observation qui montrert des apports excessifs en acide
linoléique, supérieurs a 2,5 % ou a 5,5 %, selsrétedes, sont associés & une disparition detl'eé&réfique
des AGPI n-3 LC. La valeur de 4 % a donc été prudent choisie? La valeur de I'ANC tient compte du fait
qu‘un certain nombre de données suggére une limgeémale d‘apport en acide IinoIéiqlPeCe_tte donnée est
déduite d‘études épidémiologiques d‘observationneh d‘études d‘intervention formelles. Besoins en
EPA+DHA pouvant atteindre 750 mg pour les sujetsat risque cardiovasculaire (prévention seconydire
Les données regroupant souvent les effets EPA + Déaleur de 250 mg est donc obtenue par sotismat
Absences de données cliniques cohéreritd®onnées restreintes au cancer du sBirSur la base de la
conjonction d‘études épidémiologiques et de donoleisjues suggérant une valeur limite d‘apport.
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1.3. Objectifs de la these

La peau est un des principaux lieux de stockagegdesses. Les AGMI et les AGPI n-3, de
part leurs réles supposés sur l'inflammation, paent étre des candidats susceptibles de
protéger la peau des effets néfastes liés auxtimsaUV. Lorsque ce travail de thése a
débuté, deux études épidémiologiques avaient déjaédlisées sur le lien entre AGMI et
expression du vieillissement cutané (Purbalet2001 ; Cosgrove el., 2007), et une étude
sur les liens avec I'état cutané (Boelsmalgt2003). Depuis, en 2010, une nouvelle étude
épidémiologique a été publiée ou les liens entreMA@t AGPI n-3 (EPA+DHA) et

expression du vieillissement cutané ont été étyiNagata eal., 2010).

L’étude de Purba et co-auteurs (200@hduite sur 453 hommes et femmes agés de plus de
70 ans vivant en Australie et en Europe (Greceuetl®) a mis en évidence un lien entre les
apports en AGMI et le vieillissement actinique dosdle la main. Les apports en AGMI
étaient corrélés négativement avec le vieillissencetdné. Dans cette méme étude, un lien
inverse a également été mis en évidence entrgfesta en huile d’olive et le vieillissement
cutané. L'étude de Cosgroe¢ co-auteurs (2007) réalisée sur 4025 femmes atpcdd a 74

ans vivant aux Etats-Unis a montré une associgbositive entre l'acide oléique et la
sécheresse sénile. Dans I'étude de Nagiat@-auteurs (2010), 716 femmes agées de 20 a 74
ans vivant au Japon ont été incluses. Un lien fsogiif entre apports en AGMI et élasticité

de la peau a été mis en évidence et aucun lietg’anis en évidence avec les apports en
AGPI n-3 (EPA+DHA). Enfin, I'étude de Boelsma et-aoteurs (2003) conduite sur 302
hommes et femmes ageés de 18 a 75 ans vivant atBRaays mis en évidence une association
négative entre les apports en AGMI et I'hydratatienla peau, et a trouvé une association
positive avec le pH cutané. Cependant, compte thnpeu de données disponibles, des
différents critéres d’intérét retenus pour appredge vieillissement cutané, les différentes
zones de mesures et la variété des habitudes afimen des populations étudiées, la
réalisation de nouvelles études est nécessairaafiiournir des résultats supplémentaires et

aider a statuer sur le réle éventuel des AGMI stAIBPI-3 sur le vieillissement cutané.

Dans ce contexte, les objectifs de ce travail dsedha donc été dans un premier temps
d’étudier chez une large population d’hommes dedanes de la cohorte SU.VI.MAX, d’age
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moyen, ages entre 45 et 60 ans, le lien entreVérit€ du photo-vieillissement cutané au
niveau du visage et les apports alimentaires en A@Mbalement, puis selon les sources
alimentaires). Le deuxiéme objectif a été d’étudier le méme échantillon le lien entre le
photovieillissement cutané et les apports en AGPRL cidea-linolénique (C18:3 n-3), acide
eicosapentaénoique (C20:5 n-3), acide docosapeitaen (C22:5 n-3), et acide

docosahexaénoique (C22:6 n-3).
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2. Matériel et méthodes
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2.1 Présentation de I'étude SU.VI.MAX

2.1.1 Objectifs de I'étude

L'étude SU.VI.MAX (acronyme pour « SUpplémentatiem Vitamines et Minéraux Anti-
oXydants ») est une étude épidémiologique d’intetie@ nutritionnelle qui s’est intéressée
aux grandes pathologies chroniques caractéristigless pays industrialisés, réalisée a
I’échelon national (Hercberg at., 1998a ; Hercberg at., 1998b).

L’objectif principal de I'étude SU.VI.MAX (1994-2@&) était de mesurer I'impact d’une
supplémentation en vitamines et minéraux anti-omigl#6 mg de béta-carotene, 30 mg de
vitamine E, 120 mg de vitamine C, 100 um de séléreu@0 mg de zinc) sur I'incidence des
cancers et des maladies cardio-vasculaires. L'étéddisée était randomisée en double
aveugle, testant l'effet d'une supplémentation faliere en minéraux et vitamines
antioxydants a des doses nutritionnelles — 1 ais31&s apports nutritionnels recommandés
versus placebo. L'attribution dans les groupegaitement était stratifiee sur le sexe, I'age, le
tabagisme et le lieu de résidence. Le nombre dessngcessaire était estimé entre 12500 et
15000 selon les différentes hypotheses envisagésstrois principaux criteres de jugement
étaient la mortalité générale, l'incidence de camdeus sites confondus et I'incidence des
maladies cardiovasculaires ischémiques. L'objatgifcette étude était également de préciser

les relations entre alimentation et santé.

2.1.2 Population

L’échantillon de la cohorte a été constitué selorsexe ratia?/Q de 0,6. Les hommes étaient
agés entre 45 et 60 ans et les femmes entre 36 ah$ en raison de I'dge relativement
précoce auquel I'incidence des cancers fréquers lehfemme (sein et utérus) commence a
s’élever. Le choix des tranches d'age était fait rpdiune part, éviter les problemes
nutritionnels particuliers qui peuvent étre liés tapisieme age, d’autre part, parce que le
critereMortalité est, chez des sujets relativement jeunes, d’ird&fon simple et enfin, pour
obtenir des sujets de classes d’age ou l'incidelesepathologies (critéres de jugement) est

suffisamment élevée.
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2.1.3 Recrutement et inclusion

L’inclusion des sujets adultes volontaires dansitlé a commencé en octobre 1994. 79976
candidats se sont portés volontaire suite a ungagne multimédia menée de mars a juin
1994. Un mailing contenant une information détasllé I'étude SU.VI.MAX, 15 capsules du
traitement, un questionnaire et une demande desntereent avisé a été envoyeé a chacun des
candidats. Seulement 1/4 des dossiers (n=2148Btémprrectement renseignés et renvoyes.
Pour étre définitivement éligibles, les sujets demaétre dans la tranche d’age définie, se
déclarer ne pas étre atteint de pathologie séuérpuisse restreindre la participation pendant
huit ans, ne prendre aucun supplément contenantitisines ou minéraux étudiés, ne
manifester aucune inquiétude ou réticence a seonoef aux contraintes du protocole, en
particulier a recevoir un placebo et n’exprimerumne motivation ambigué ou comportement
obsessionnel concernant I'alimentation et la safypées vérification des critéres d’inclusion
14412 ont été retenus. En réalité, seuls 13017ssaje été inclus entre octobre 1994 et avril
1995. Parmi eux, 270 sujets (2% ; dont 115 dawggdape antioxydant et 155 dans le groupe
placebo) ont rompu leur consentement le jour derdlement au sein de la cohorte ou dans

les 3 jours qui ont suivi.

L’étude SU.VI.MAX. a été approuvée par le comitéttique pour les études sur 'lhomme
(CCPPRB n°706) de Paris-Cochin, et le “Comité Naloinformatique et Liberté” (CNIL
n°334641) qui implique que toutes les informatiomg&dicales sont confidentielles et

anonymes.

2.1.4 Suivi des participants

Tout au long de I'étude des données cliniquesabbiques ont été collectées afin de pouvoir

vérifier la compliance des sujets a la supplémentadt d’évaluer leur état de santé.

Une fois par an, un examen clinique ou biologigee élternance) des participants a été
réalisé par les équipes médicales de SU.VI.MAX.dDiegparticipant devait choisir parmi une
des 65 principales villes Francaises pour réafiserisite annuelle. En fonction de la ville, la
visite avait lieu soit dans un centre de médecirevgntive soit dans une des deux unités
mobiles SU.VI.MAX qui sillonnaient la France. Lads bilan clinique, un certain nombre de
tests de dépistage des cancers étaient réalisébefcbe de sang dans les selles,

mammographie pour les femmes de plus de 50 arts ftervical pour les femmes n'en ayant
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pas eu dans l'année...), ainsi qu’un électrocardigra, une mesure de la pression artérielle,
un examen clinigue et des mesures anthropométrigboescas d'anomalie aux tests de
dépistage, un contact se faisait avec les strigtlgesoins en charge des sujets afin d'assurer
le suivi des investigations complémentaires et dwmter les diagnostics. Lors du bilan
biologique, un prélévement le matin a jeun de 35ebang était réalisé afin d’effectuer le
dosage de différents parametres biologiques (l#t@eéne, rétinol, vitamine C, vitamine E,
zinc et sélénium sériques, hémoglobine, glycénadurie, cholestérol total, triglycérides,
apolipoprotéines Al et B). De plus, tous les évamm lies a la santé étaient recueillis
chaque mois. Toutes les consultations et hospitaliss étaient ainsi analysées et ont fait
I'objet d'investigations détaillées par les médedmséquipe SU.VI.MAX, ce qui a permis de

documenter les événements médicaux.

2.2 Données alimentaires

2.2.1 Enregistrement alimentaire de 24 heures

Les volontaires de la cohorte devaient transmétius les deux mois par minitel (6 fois par
an), les données d'un questionnaire sur leurs #&p@imentaires sur une période de 24
heures (« enregistrement alimentaire de 24 hegrekes jours étaient répartis sur la semaine
(deux jours pendant le week-end et quatre jourdedtors du week-end) et sur I'année (tous
les deux mois) afin de tenir compte des variatidasl'alimentation avec les jours de la
semaine et avec les saisons et d’'étre ainsi le phpsésentatif possible des apports
alimentaires. Chaque questionnaire alimentaire cotapgrés de 900 items relatifs aux
boissons et aliments consommeés aux différents mameeatla journée (y compris les
collations). Les volontaires devaient indiquer ¢ggntités consommeées en se référant & un
manuel d’instruction des données alimentaires afgient développé pour ['étude
SU.VI.MAX et validé lors d'un pré-test (Le Moullest al., 1996). Le manuel contient des
photos représentant plus de 250 aliments représesnétrois portions. Les volontaires
pouvaient faire des choix intermédiaires ou en delies deux portions extrémes pour un

total de 7 portions différentes (Figure 10).
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Figure 10. Exemple du manuel d'instruction pour leslonnées alimentaires

FRUITS SERVIS EN ENTREE

Choisissez la lettre correspondant @ la portion que vous avez consommeée

[—
Vern
(o
|

L’enregistrement alimentaire de 24 heures inclégédlement des questions sur le type d’huile
ou de graisse utilisé pour 'assaisonnement etiisson. Les volontaires devaient également
renseigner l'origine des aliments (surgelés, caesen, les lieux de prise alimentaire

(domicile, restaurant, cantine...) et les modes éeamation.

2.2.2 Table de composition

La teneur de l'alimentation des participants enrgiee en AGMI, en AGPI n-3 (ALA, EPA,
DPA et DHA) et en vitamines E et C a été détermiad@ide d'une table de composition
alimentaire qui a été développée pour l'analyse desnées collectées dans I'étude
SU.VI.MAX (Arnault etal., 2006). Cette table a été compilée a partir denéles de tables
déja existantes : la table de composition des alisneancaise (Favier el., 1995) et sa mise

a jour (Ireland efal., 2002), la table américaine US Department of Adtice National
Nutrient Database (US department of agriculture,320 table britannigue McCance &
Widdowson’s Food Composition Table (Ministry of Agriture Fisheries and Food, 1998),
sur des données fournies par I'lterg et sur la lmesgoublications originales. Cette table
permet de disposer de la composition nutritionnefleacide gras de 689 aliments simples et
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301 recettes. La composition nutritionnelle estrémnpour 100 grammes d’aliments ou de
recettes.

Puis, l'apport en AGMI et en AGPI n-3 a été déternen tenant compte de différentes
sources alimentaires. Tout d’abord, une table deties développées par des diététiciennes a
permis de décomposer les recettes en alimentsedmpPhaque recette peut étre décomposée
jusqu’en 23 aliments simples et a chaque alimemple correspond un pourcentage. Par
exemple, un gateau en chocolat est décomposé®jé7 2 d’'ceuf dur, de 19,08 % de sucre
blanc en poudre, de 19,08 % de beurre doux, de81%,@le chocolat noir, de 11,45 % de
farine blanche, de 3,82 % de fécule de mais et@h % de sel. Puis les aliments simples ont

été regroupés dans les différentes catégoriesuteesnalimentaires (annexe 1).

2.3 Evaluation du photo-vieillissement cutané

L’évaluation du photo-vieillissement au niveau daage, a été realisée par des médecins
formés par un dermatologue, a l'occasion de la gencampagne de recueil de données
cliniques (1995-1996). Pour des raisons techniqueesgcueil a commencé trois mois apres le
début de la campagne. De ce fait, le photo-vie#iisent a été évalué sur un sous-ensemble de
la cohorte (3582 hommes et 4983 femmes). L'inténsiti photo-vieillissement a été
appréciée a l'aide d’'une échelle photographiquaniea etal., 1994). La reproductibilité
inter et intra-investigateur de cette échelle a\é&tikdée par les auteurs sur un groupe de
femmes Caucasiennes (Larnieakt 1994).

Le photo-vieillissement (Figure 11) est décrit gar niveaux, chaque niveau étant illustré
globalement par trois photographies présentanerdifits aspects du photo-vieillissement
(rides, relachement et lentigines). Comme les grddet 6 étaient peu présentés dans notre
population agée de 45 a 60 ans, ces grades orggetupés avec les grades 2 et 5 (1-2: Léger
ou Léger/Modérée, 3: Modéré, 4: Modéré/important 56: Important/Tres important),

respectivement.
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Figure 11. Echelle photographique de photo-vieillsement a 6 niveaux(adaptée de
Larnier et al., 1994)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade &
Léger Leéger/ Modéré DModeére | Important Tres
MModeré Important Important

o

2.4 Facteurs de confusion potentiels

L’exposition au soleil, le phototype, et le tabagessont des facteurs de risque connus du
photo-vieillissement cutané (Daniell, 1971 ; Kadetal., 1991 ; Ernster al., 1995 ; Malvy
etal., 2000 ; Rabe ddl., 2006 ; Yaar et Gilchrest, 2007). De méme, ladsade la production
des hormones sexuelles avec la ménopause est t@pmcentuer le vieillissement cutané
(Maheux etal., 1994 ; Callens etl., 1996 ; Dunn eal., 1997). Un indice de masse corporelle
(IMC) élevé a été également décrit comme dimindantisque de vieillissement cutané
(Purba efal., 2001 ;Guinot et al., 20028. Une étude réalisée en 2006-2007, aux USA, lors
du Twins festival de Twinsburg dans I'Ohio, sur Iftres de vrais jumeaux a fourni une
illustration spectaculaire des effets de ces dfiés facteurs a patrimoine génétique

equivalent (Guyuron el., 2009). Des photographies ont été prises et ustigm@aire sur le

Y voir liste des publications
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mode de vie a été renseigné puis I'age apparet#t apprécié a I'aide d’'un panel de juge et
I'impact du mode de vie sur I'age apparent étudié.

La figure 12 illustre 'impact de I'exposition aolsil chez deux sceurs jumelles de 61 ans qui
ont eu un comportement d’exposition différent. laeus de droite a déclaré avoir eu en
moyenne une durée d’exposition au soleil de 10dsede plus par semaine que celle de sa
sceur. Elle présentait également un IMC plus falel@,7 kg/m2. Un écart d’age moyen de 11

ans a été donné entre les deux soeurs.

Figure 12. Illustration des effets du solei(tirée de Guyuron &tl., 2009)

10 heuresmaie de plus au soleil et un IMC dek@/m? de
moins pour la jumelle de droite

L’effet du tabac sur le vieillissement cutané eglément visible figure 13. Les sceurs ont 57
ans. La sceur de droite a fumé 40 ans alors quaegarsa jamais fumeé et a pris un traitement
hormonal de substitution pendant 2 ans. Un écagedpercu moyen de 8 ans a été donné par

les juges.
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Figure 13. lllustration des effets du tabadtirée de Guyuron etl., 2009)

b N
40 années de tabac pour la jumelle de droite
2 ans de traitement hormonal de substitution pmgotur de gauche

L'impact de I'IMC est également illustré figure 1des sceurs ont 58 ans. La sceur de droite
présente un IMC de prés de 15 kg/m2 de moins quéede sa sceur. Un écart d’age moyen de

5 ans a été donné par les juges.

Figure 14. lllustration de I'effet de I'MC (tirée de Guyuron etl., 2009)

15 kg/m2 d'IMC en moins pour la jumelle de droite
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Et enfin, 'impact de la baisse des hormones séesiglst présentée figure 15. Les sceurs ont
71 ans. La sceur de gauche a déclaré avoir prigit@nhent hormonal de substitution pendant

22 ans. Un écart d’age moyen de 7 ans a été donrgéles deux sceurs.

Figure 15. lllustration de I'effet du statut hormonal (tirée de Guyuron etl., 2009)

22 années de traitement hormonal de substitution fpojumelle
de gauche

Le patrimoine génétiqgue joue également un rbéle itaporsur I'expression du photo-
vieillissement Elfakir et al., 2010 Ezzedine et al., 20324 e Clerc et al., 2012 Ces données
n'étant pas disponible sur I'ensemble de la cohawel le phototype, reflet de la sensibilité

naturelle de la peau au soleil a été pris en confgate les analyses.

Par ailleurs, la vitamine E et la vitamine C soes @itamines qui sont présentes dans la peau
et qui peuvent jouer un rdle important dans la préga du photo-vieillissement en stoppant
la propagation de la peroxydation des acides @sasrish et Gensler, 1993 ; Steenvoorden et
van Henegouwen, 1997 ; Boelsmaadt 2001 ; Sies et Stahl, 2004 ; Shapira, 2010). La
vitamine E située dans les membranes cellulairegeples radicaux générés et stoppe la
transmission en chaine de la réaction. La vitamihgoue un réle essentiel dans la

régénération de la vitamine E oxydée.
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2.4.1 Données démographiques, socio-économiquis sty/le de vie

Le questionnaire rempli par le volontaire lors darlinclusion dans I'étude (1994-1995) a
permis de recueillir 'age, la région d’habitatigcode postal), le sexe, I'activité physique
(irréguliére, 1 heure/jour ou > 1 heure/jour),dbdgisme (non fumeur, ex-fumeur, fumeur), le
niveau d’'éducation (primaire, secondaire, supéyietite statut hormonal (non ménopausée,
ménopausée sans traitement hormonal de substitmti@mopausée avec traitement hormonal
de substitution). Pour la région d’habitation, larkce a été ensuite divisée arbitrairement en
deux grandes parties : le Nord et le Sud, les zée#taine, Limousin, Auvergne et Rhéne-
Alpes servant de frontieres aux régions adminigtatpour le sud de la France. Les données
anthropomeétriques (poids, taille, ...) ont été messiiérs du premier bilan clinique (1995-
1996). Puis, I'indice de masse corporelle a étéub@len divisant le poids (kg) par la taille
élevée au carré (m2). L'IMC a ensuite été catégais trois classes (<25 kg/mz, 25-30 kg/m2,
> 30 kg/m?).

2.4.2 Phototype

La classification du phototype, reflet de la prtitat naturelle de la peau contre le soleil, a été
mise au point progressivement et de facon empiridges le milieu des années 70 par
Fitzpatrick (Fitzpatrick, 1975) afin de fournir wutil simple, permettant d’estimer le risque
individuel relatif & I'exposition solaire et d’éncer des principes de protection adaptés
(soustraction a I'exposition, usage d’écran...). llassification utilisée pour cette étude
découle de celle proposée par Césarini en 1977iétalgartir d’'un échantillon de Francais
(Césarini, 1977). Elle repose d’'une part sur dewarpatres dynamiques : la fréquence de
survenue de coups de soleil et l'intensité du bmgez et d’'autre part sur des données
phénotypiques, reflet de la variabilité génétiges ohdividus : la couleur de la peau en hiver,
la couleur naturelle des cheveux a 20 ans et lsepae de taches de rousseur. Ces cinq
paramétres fournissent une régle d’affectationseétl pour déterminer le phototype des sujets
en huit classes. Comme les niveaux | et VI étaiargs dans notre population, ils ont été
regroupés avec les niveaux Il and V, respectivemkat phototype de Césarini a été

déterminé en méme temps que le photo-vieillissetmeentdu bilan clinique d’inclusion.
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Tableau 2. Phototype de Césarini

Couleur Couleur Taches Coup de soleil Bronzage Phototype
des cheveux De lapeau de rousseur

Blanc Albinos Non Constant Non 0

Roux Laiteux Nombreuses Constant Non I

Blond Clair Nombreuses Constant Hale léger Il

Blond Clair Quelques Fréquent Clair ou foncé llla
Chatain Mate Quelques Fréquent Clair ou foncé lllb

Brun Mate Non Rare Foncé v

Brun Mate Non Exceptionnel Trés foncé Y,

Noir Noir Non Absent Noir \

2.4.3 Exposition au soleil

Un questionnaire sur I'exposition et la protectsmiaire a été développé spécifiqguement pour
I'étude SU.VI.MAX par un groupe de huit experts @msés a la fois de dermatologues et
d’épidémiologistes. Ce questionnaire portait sexposition récente au soleil et au cours de la
vie. Ce questionnaire a été envoyé a I'ensemble/dlestaires de la cohorte en 1997 et 2001.
Lors de la premiere enquéte en 1997, 64% des quaesires ont été renvoyés et 1332
volontaires qui n‘avaient pas répondu lors de é&anpgre enquéte ont répondu en 2001. Les
données étaient donc disponibles pour 8084 vol@#aiCe questionnaire a été largement
analysé et a donné lieu a différentes publicatiandes comportements d’expositidAuinot

et al., 2001a Ezzedine et al., 2007 ; Ezzedine et al., 20Q8treille et al., 2008 En
particulier, une série de scores ont été propdSémot et al., 2001aet une typologie de
comportement solaire a été établiatteille et al., 2008 Dans nos analyses, différents scores
ont été testés ainsi que la variable sur I'estiomagjlobal de I'exposition au soleil au cours de
la vie posée dans le questionnaire (globalemergndwotre vie, estimez-vous avoir été : pas
ou peu, modérément ou beaucoup exposé(e) au sQleitge derniére a été conservée dans les

analyses car elle fournissait des résultats siragagt est d’utilisation plus facile.

2.4.4 Apport en vitamine E et vitamine C

Les apports alimentaires renseignés dans les stmagents 24h ont permis a l'aide de la
table de composition alimentaire de SU.VI.MAX ddca&er les apports alimentaires en

vitamine E et C.
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2.5 Population étudiee

Dans notre étude, parmi les participants dont i&r#& du photo-vieillissement avait été
appréciée, nous avons sélectionné les hommes déravaes de 45 a 60 ans qui avaient
renseigné au moins 10 enregistrements 24h danspériede de 2 ans et demi apres
I'inclusion (Astorg etal., 2004). Mennen et co-auteurs (2002) ont en effeht® que ce
nombre était suffisant chez la population francagmmir estimer les apports habituels
individuels des principales classes d’acides ghsSS, AGMI et AGPI) avec une bonne
précision. Les participants qui avaient dévelopmé cancer ou présenté un événement
cardiovasculaire pendant les deux en et demi d&étial 'alimentation n’ont pas été inclus

dans I'analyse (Figure 16).

Figure 16. Participants de la cohorte SU.VI.MAX reenus pour l'analyse

Eligibles
M=13017
w r
Hommes Femmes
M=5141 M=7876
sans appréciation | sans appréciation
N=1559 N J,_' N=2803
Fhoto-vigillissement Fhoto-vigillissement
Apprecie Apprecis
M=3582 M=48933

s Age=450ans

Agez45ans

M=3024
=10 enregistrements =10 enregistrements
alimentaire 24h -— I alimentairas 24h
M=1394 ¥ ¥ M=1737
=10 enregistrements =10 enregistrements
Alimentaires 24h alimentaires 24h
M=1588 M=1287
Cancerou Cancerou
évtcardio-vasculaire - b évt cardio-vasculaire
MN=33 M=23
MN=1655 M=1264
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2.6 Méthodes statistiques

2.6.1 Introduction

Dans les études épidémiologiques qui examineniele dntre les apports en nutriments et
I'état de santé, la prise en compte dans I'anallgs€apport énergétique total est importante
car ce dernier peut étre en lui-méme un facteuristgue de I'état de santé. L’apport
énergétique total est corrélé positivement avgdupart des nutriments, soit parce que ceux-
ci contribuent comme les macronutriments (lipidgacides, protéines, éthanol) directement
au calcul de l'apport énergétique, soit parce @seithdividus qui ont un apport énergique
élevé mangent également en plus grandes quardipgpart des aliments, et donc également
plus de nutriments non énergétiques comme les wiBnles minéraux et les fibres. Par
ailleurs, I'apport énergétique total varie d’'uniiidu a I'autre principalement en raison de
trois facteurs prinpaux : l'activit¢ physique, largulence, et lefficacité métabolique
(capacité de I'organisme a utiliser plus ou moiténedrgie pour absorber les nutriments et
garder la température corporelle constante) (Will@98). Les individus dont I'apport
énergétique est supérieur ou est inférieur a lard&pénergétique présenteront une balance
éenergétique déseéquilibrée qui entrainera une poiseune perte de poids. Ainsi, sans
ajustement sur I'apport énergétique total, un Begnificatif entre les lipides et le risque de
I'état de santé pourrait étre le simple reflet dusssociation avec l'activité physique, la
corpulence ou le métabolisme. Il est donc primaémkas’assurer qu’une association observée

entre les lipides et I'état de santé est indépereddamt’apport énergétique total.

Nous présenterons ci-aprés les principaux modal@stiannels qui ont été proposeés ces
dernieres années pour essayer de séparer l'effdtapgort énergétique total de I'effet
spécifigue d’'un nutriment, puis nous introduirores Iméthodes de régression logistique
envisageable pour analyser ce type de données.

2.6.2 Modeéles de nutrition

Quatre modéles nutritionnels qui permettent lagpeis compte de I'apport énergétique ont été
proposés dans la littérature : la méthode standianthéthode des densités (Jovanovialet
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1994), la méthode des résidus (Willett et Stamif@é86) et la méthode de partition (Howe et

al., 1986). Parmi ces quatre modéles, les trois prsmient des modéles de substitution

isocalorique et le dernier est un modele d’addi{mun de restriction) qui ne suppose pas que
I'apport énergétique total soit fixé. Une revue s modéles peut étre trouvée dans les
articles de Willett et co-auteuf$997) et Thiébaut et co-aute(2004).

2.6.2.1 Méthode standard (standard method)

Dans la méthode standard, I'apport énergétiqud widRJ,» est pris en compte en

I'incluant dans le modéle en plus de I'apport dtriment «Nutriment» :

g(Y|NutrimentNRJ,,) = @, + a;Nutriment+ a,NRJ,,

ou la fonction g(.) dépend de la distribution devéaiable réponse Y (normale, binomiale,
multinomiale...) (McCullagh et Nelder, 1989).

Dans ce modele, lorsque I'apport en nutriment e¢rgrgie totale sont exprimés en keal,
correspond a l'effet d’augmenter de 1 kcal I'appernt nutriment en maintenant I'apport
énergétique constant. Ce qui revient dans le cdidnme macronutriment (par exemple, les
lipides), a substituer 1 kcal d’apport aux autreacronutriments (glucides, protéines,
éthanol). De mémay, n'est pade risque associé a augmenter de 1 kcal 'appatgétique
total mais correspond a l'effet d’'augmenter de &l KR@pport des autres macronutriments

guand le nutriment d’intérét reste constant.

L’inconvénient majeur de ce modele est d’introdulerix variables la plupart du temps tres
fortement corrélées, I'apport en nutriment et lagpenergétique total, ce qui peut entrainer
des difficultés d’estimation des parametres dedates et rendre difficile I'interprétation des

résultats. Trois autres modéles ont donc été pé&sposur palier ce probléme de colinéarité.

2.6.2.2 Méthode des densités (nutrient density oagth

La densité nutritionnelle d’'un macronutriment cepend a la part d'énergie apportée par ce
nutriment. Elle est calculée en divisant I'apport eutriment par I'apport énergétique

_ Nutriment

total : . La densité nutritionnelle peut s’exprimer soitpeircentage d’énergie soit

otal

par exemple en apport pour 1000 kcal.
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La méthode des densités peut soit inclure dansol@eha uniguement le terme de densité

Nutriment

nutritionnelle : g(Y|Nutriment NRI...) = 5, +,81W, soit inclure également I'apport
otal
. " . Nutriment
énergétique total g(Y| NutrimentNRJ,,) = 5, + 'BIW + B,NRI,, -
otal

. , o Nutriment e :
Dans le premier cas, I'interprétation du rappeiﬂléi est difficile car une augmentation

otal
de celui-ci peut correspondre a un accroissemehajgigort en nutriment ou a une diminution
de I'apport énergétique total. Dans le second @ad,apport énergétique total est fixé, une
L " . Nutriment R .
variation de la densité nutritionnelle———— correspond alors a la seule variation de

otal

I'apport en nutriment.

Le coefficient; de la densité nutritionnelle s’interpréte, si lansité nutritionnelle est
exprimée en pourcentage, comme I'effet d’augmdidpport en nutriment (par exemple, les
lipides) de 1% de l'apport énergétique total qubagport énergétique total reste constant et
donc a diminuer I'apport des autres macronutrimedetd%. Nous sommes ici comme dans la
méthode standard dans le cadre d'un effet de sufisti d’'un nutriment par d'autres

nutriments.

Le coefficientP, de I'apport énergétique total correspond, si eeilldst exprimé en kcal, a
I'effet d’augmenter de 1 kcal 'apport énergétigotl lorsque la densité nutritionnelle reste

R . o triment
constante, donc a augmenter I'apport en nutrimamtedquantité égale Mkcal et

otal

, . utresNutriments
d’augmenter I'apport des autres macronutrimentael’guantité égale éA‘ NR
otal

kcal.

Dans ce modéle, la méme quantité de nutriment éng@r pas le méme effet selon la quantité
totale d’énergie ingérée, ce qui ne pose pas dagme en soi car il est attendu qu’une méme
quantité de nutriment consommée puisse jouer undifiiérent selon la corpulence, 'activité

physique ou I'efficacité métabolique d’un individu.

Cette méthode a différents avantages. Les dersitisionnelles sont calculées simplement
sans avoir besoin de recourir a un modéle statstigmme dans la méthode des résidus que
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nous verrons ci-aprés. Les nutritionnistes ontbihale de les utiliser comme mesures de la
composition de l'alimentation et on les retrouvesiées recommandations nationales. Enfin,
méme s'’il peut persister une certaine corrélatiaineeles deux parametres, les problemes de
colinéarité rencontrés dans la méthode standarcetseuvent en général diminués car la

corrélation est plus faible.

2.6.2.3 Méthode des résidus (residual method)

Cette méthode a été proposée par Willett et Stan{i#86) comme une alternative a la
méthode des densités pour pouvoir éliminer totater@ecorrélation entre apport nutritionnel

et apport énergétique total.

La premiére étape consiste a réaliser une régretiaiaire simple de I'apport en nutriment

sur I'apport énergétique total afin de calculerdpports résiduels :
Résidus e = Nutriment- (@, + @,NRJ,.)

Les résidus de cette régression représentent f@ratite entre I'apport en nutriment d’'un
individu et lapport en nutriment prédit par son pag énergétique

total : Nutriment, i = (@ + @;NRIger s ingividui) -
L’apport résiduel est ensuite introduit dans le elecvec I'apport énergétique total :

g(Y| RéSiduﬁutriment’ NR‘][otaI) = yO + leéSiduﬁutriment + y2 NR‘]totaI

Comme les apports résiduels sont par définitioomdgenne nulle et peuvent présenter des
valeurs négatives. Il peut donc étre préférablgodtar une constante afin de se retrouver
avec des apports alimentaires proches de ceuxtdmeat considéré. Par exemple, la valeur
prédite  pour l'apport énergétique total moyen  obSer dans  notre

population =@, + &, x moyennfNRJ,,) peut étre ajoutée, ou encore la valeur prédite pou
un apport énergétique fixé a 2000 kcalag +a, x 20Q@Majout de cette constante ne

modifie que la constante du modgie

L'interprétation du coefficienty; de I'apport résiduel est identique a l'interpraiatidu
coefficienta, de 'apport en nutriment dans la méthode standamceffet augmenter de 1 kcal

'apport résiduel en nutriment correspond a augerentle 1 kcal la différence
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Nutriment-ag — @1NRJ3t5 alors que I'apport énergétique total reste const@onc

d’augmenter de 1 kcal I'apport en nutriment. Noosisies donc a nouveau dans un effet de

substitution.

Le coefficienty, de I'apport énergétique total mesure I'effet deigjmentation de 1 kcal de

I'apport énergétique total quand I'apport résidyéMutriment—ag—a@iNRJoia) reste

constant, ce qui revient donc a augmenter les &pmor nutriment de,, la pente de la
régression de I'apport en nutriment sur 'apposerégtique total. Mais si I'apport énergétique

total augmente de 1 kcal et celui du nutriment @e kcal alors I'apport des autres

macronutriments augmente également deqy)kcal.

L’avantage de cette méthode réside dans I'absemcemiélation entre les apports résiduels et
I'apport énergétique total qui permet de résoudseproblémes d’estimation rencontrés dans
la méthode standard. Par ailleurs, cette méthodersgpune idée de la variabilité de I'apport

en nutriment indépendamment de I'apport énergétiqtad puisque la variance des apports
résiduels correspond a la variabilité de I'apportreitriment entre sujets ayant un méme

apport énergétique total.

Malgré I'indépendance entre I'apport résiduel etriment et I'apport énergétique total, il est
préférable de conserver ce terme dans les modeéleslinéaires tels que la régression
logistique, en particulier lorsque I'apport énergée total est un facteur de risque, car cela

peut sinon biaiser I'estimation de I'effet du notent (Gail etal., 1984).

2.6.2.4 Méthode de partition (energy partition neh

La derniére méthode couramment utilisée, la métham@artition, est une alternative a la
méthode standard et a la méthode des résidusakdté proposée par Howe et co-auteurs
(1986). L'apport énergétique du nutriment d’inté(par exemple les lipides) est introduit

dans le modele ainsi que I'énergie apportée paauaes nutriments :

g(Y|Nutriment Autresnutrimentg = J, + o, Nutriment+ J, Autresnutriments

Dans ce modele, le coefficiedf peut étre interprété, si les apports sont expriere&cal,

comme l'effet d'augmenter de 1 kcal I'apport durimaent quand I'énergie apportée par les
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autres nutriments reste constant, donc I'effet dittwhner1 kcal provenant du nutriment a
'apport énergétique total. De méme, le coeffici®atpeut étre interprété comme I'effet
d’augmenter de 1 kcal l'apport des autres nutrimienguand I'énergie apportée par le
nutriment reste constand, mesurealors I'effet d’additionnerl kcal provenant des autres

nutriments a I'apport énergétique total.

En théorie, 'apport énergétique du nutriment njess corrélé avec I'apport énergétique des
autres nutriments, mais il est fréquent qu’en téaline corrélation existe entre les deux
parameétres car ces nutriments sont souvent foparites mémes aliments. La corrélation est
toutefois moindre gqu’entre I'apport en nutrimentl’apport calorique total, mais elle peut

engendrer les mémes problémes que ceux renconésaameéthode standard.

2.6.2.5 Transformation des variables alimentaiteheix du modele

Dans la pratique, I'apport en nutriment est soutemtsformé en variable catégorielle. En
effet, cette transformation permet a la fois d'éx@r des risques relatifs par rapport a
différentes catégories d’apport en nutriment, @éfiginchir de I'hypothése forte d'une relation
linéaire entre I'apport en nutriment et I'état date, et enfin de limiter I'influence des valeurs
extrémes. Les catégories peuvent étre définiessediin des valeurs critiques connues du
nutriment d’intérét, soit selon la méthode des tjlen(par exemple, la médiane, les quartiles
ou encore des quintiles). L'intérét de la méthods duantiles est qu’elle permet d’obtenir
une répartition équilibrée des individus dans chacdes catégories et d’étudier relativement
facilement des tendances. Dans notre cas et cotapte de nos effectifs, les apports en

nutriment ont été catégorisés grace aux quartiles.

Le choix entre les différents modeles est guida foik par le schéma expérimental et par les
hypotheses testées. Dans le cadre de restrictionguee ou de supplémentation, le modele de
partition est particulierement adapté car on supgpe I'apport énergétique total peut varier.
Dans le cadre de prévention primaire, ou l'alimgatad’'un individu est supposée étre
modifiée pour diminuer les risques de maladierée®mmandations porteront en premier lieu
sur des changements dans la composition de I'atatien plutét que sur le contenu total de
I'alimentation car I'apport énergétique total damt individu a besoin est relativement fixe.
Les modéles de substitution isocalorique permettintse placer dans le cadre de cette
hypothése de changement de la composition de Ealiation. Parmi les trois modéles de

substitution, le modele standard est a éviter endma forte colinéarité entre le nutriment
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d’intérét et I'apport énergétique total. Entre lathode des densités et la méthode des résidus,
les résultats fournis sont en général trés proldregue le nutriment d’intérét est analysé de
maniere catégorielle (Brown at., 1994 ; Willett etal., 1997 ; Hu etl., 1999 ; Thiébaut et

al., 2004). Par allieurs, la méthode de densité estesuyweférée a la méthode des résidus
car les recommandations nutritionnelles sont Ipgiudu temps exprimées en pourcentage
d’apport énergétique. Dans notre cas, la méthodeddasités a été retenue pour I'ensemble

des analyses.

2.6.3 Modeles de regression logistique

La régression logistique est largement utilisé@gdémiologie car elle permet de calculer la
probabilité d’un événement de santé en fonctionvadésurs de différentes variables (Agresti,
1996 ; Hosmer et Lemeshow, 2000). Elle permet diétula liaison entre une variable

réponse (critere de jugement) qualitative Y (diohtigue, catégorielle ou ordinale) et un
ensemble de p variables &plicatives qui peuvent étre qualitatives et/aargitatives.

2.6.3.1 Régression logistique binaire simple

Dans le cas d'une régression logistique binairepmou la variable réponse Y est
dichotomique (par exemple, malade non malade) et une seule variable X (par exemple,

exposévs non exposeé) est explicative, le modéle de régredenistique s’écrit :
71(x) = P(Malade=1x) = F(x)

BotBix

Ou, x est une valeur de &t fest la fonction logistique F (x) = Ts PBx
+e™

La fonction logistique est bien adaptée a la msdébn de probabilités puisqu’elle varie
entre la valeur O et 1 selon une courbe en S (sidghoet qu’elle permet de plus d’associer a
chaque coefficient une statistique d’odds ratipat des chances) qui est trés utilisée en

épidémiologie car interprétable en termes d’acemsigent ou diminution du risque.
L’odds (cote) d’étre malade (Y = 1) pour les persexposees (X=1) est égale a :
ne N

1-m(Q)
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. 71(0)

celle d’étre malade (Y = 1) pour les personnesaxposées (X=0) est égale W =eh
- 7T
L'odds ratio (rapport de cotes) noté OR est alorséfind par:

_ n/a-nw) et
70)/L-m(0) €&

1

Il correspond donc au risque d'étre malade chezpdesonnes exposées par rapport au risque
d’étre malade chez des personnes non exposées.

Le modéle logistique s’écrit souvent en introduiséen transformation Logit detX) :

1(X)
1-71(X)

mmmﬂw{

}:,80 + [B,X, le modéle logistique apparait alors comme un rsde
linéaire.

L’estimation des paramétres du modéle est faite lparméthode du maximum de
vraisemblance et differentes méthodes permettentesier I'apport de la variable X au

modeéle : le test de Wald, la méthode du rappoxtrdisemblance et le test du score.

2.6.3.2 Régression logistique binaire multiple

Le modéle de régression logistique binaire multg#aéralise la régression logistique binaire

simple au cas ou plusieurs variables sont explieatk, .. X, Sil'on note x = (X,..., X)) une

......

valeur de X=(X%,..., Xp), le modéle s’écrit alors :

eﬁo+ﬁ1xl+---+ﬁixp
ﬂ(X) = P(Y :]'IX = X) = 1+ eﬁ0+,81x1+...+ﬁlxp

La régression logistique binaire multiple permettetgter les effets conjoints des différentes
variables explicatives également les éventuelles interactions entre Igablas explicatives
en ajoutant ces termes d’interaction dans le motifie interaction entre deux variableseX

X, peut étre testée en ajoutant la variabje XXX, dans le modeleCette interaction existe

si la relation de l'une des variables explicatie®c la variable réponse Y dépend de la
valeur de l'autre variable explicative. Une intémac entre deux variables est appelée une
interaction du premier ordre. De la méme facon, imteraction entre 3 variables peut étre
prise en compte (interaction d'ordre deux), entreadables (interaction d'ordre trois), etc.

Cependant l'interprétation des interactions d’oréllevé est souvent délicate et nécessite des
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échantillons de taille assez grande et bien répadur avoir une bonne estimation des
coefficients des variables d’'interaction.

2.6.3.3 Régression logistique ordinale a odds ptapmels

Le modele de régression logistique peut-étre étesmaucas ou plusieurs variables sont

explicatives et ou la variable réponse Y a J megal> 2) est ordinale.

Le modéle le plus couramment utilisé est le modigdgt cumulatif a odds proportionnels
(proportional odds model) McCullagh (1980).

L PCY < jXeX,)

- aux variables
| POY> j[X%,)

Ce modéle relie linéairement le logit cumulég

P(Y < j[XeeiX,) |
P(Y> j|x1,...,xp)_

explicatives X . X, et il s’écrit :log =a; + B +..+ BX,

ou, P(Y < j|xl,...,xp) est la probabilité cumulée que la réponse Y sbdrieure ou égale a j,

0; est l'intercept associé a la modalité j qui sattsf conditiona; <0, < ...< 0y, et lesPy,

B, ..., Bpsont les parametressociés aux differentes variables X.

Le modele est appelé a « odds proportionnels J»otfOR) , 5, associé a la variablX, ne

dépend pas de la valepde Y et permet d’obtenir un seul OR par variablplieative. Ce

modele repose donc sur I’hypothese d’égalité datepagui doit donc étre testée.

2.6.3.4 Régression logistique ordinale a oddsqllthent proportionnels

Lorsque cette hypothese d’égalité des pentes gEee un modele a odds partiellement
proportionnels peut étre utilisé. Ce modéle autocdertaines variables qui ne respectent pas
cette hypothése a présenter des QQ)( différents selon la valeur des modalités et de
conserver I'hypothése de proportionnalité des mBsgpour les autres variables (Peterson et
Harrell, 1990) :

=aj+ gt Bt Bra, jXe+r et Bp jXp

. P(Y < j[Xq,..Xp)
P(Y> j%q,....Xp)
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Ici, 'hypothese d’égalité des pentes n’est pastég pour les variables & X et est rejetée

pour les variables X1 a X.

L’approche GEE (generalized estimating equatioanti et Zeger, 1986) de la procédure
GENMOD du logiciel SAS] (SAS institute INc., Cary, NC, version 9.1.3) petrd’ajuster
un modele a « chances partiellement proportionsiellgStokes edl., 2000 ; Droesbeke at.,
2005).

2.6.3.5 Choix entre un modele de régression lapgistiordinale a odds
proportionnels et a odds partiellement proportidsine

Dans la pratique, dans le cadre d’'une variablengpmrdinale a J modalités, un modele de
régression logistique ordinale a odds proportiosiest d’abord testé a l'aide de la statistique
du Score (par exemple procédure LOGISTIC du lobi&S [1). Lorsque cette hypothése est
rejetée, un modele a odds partiellement proporénpeut alors étre envisagé. Dans ce
modele, linteraction entre chaque variable expheaet les différents types de logit est
testée. Si un terme d'interaction est significati&la signifie que l'effet de la variable
explicative n'est pas le méme selon le type detloBians ce cas, I'hypothése de
proportionnalité des risques est rejetée pour ldalbke explicative et I'on conserve
l'interaction dans le modele. Par contre si le ®rdinteraction n'est pas significatif, la
proportionnalité des risques n’est pas rejetée powariable explicative et I'interaction est

alors supprimée du modeéle. Dans les analyses desduaette procédure a été suivie.
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3. Résultats

59



3.1 AGMI et photo-vieillissement cutané

Dietary monounsaturated fatty acids intake and riskof skin photoaging
Latreille J Kesse-Guyot E, Malvy D, Andreeva V, Galan P, Bsther E Hercberg S
Guinot C Ezzedine K

PLoS ONE, 2012a, 7, e44490, 1-7

Résumé

Le vieillissement cutané est un enjeu importantesmes de santé publique puisqu’il est
intimement lié a la survenue des cancers cutanés @taGilchrest, 2007 ; Richmond-Sinclair
et al., 2010). Ces dernieres années, de nombreuses é&nte&té menées pour mettre en
évidence I'éventuel effet photoprotecteur sur laypde différents micronutriments issus de
I'alimentation (Sies et Stahl, 2004) mais relatiegpeu d’attention a été portée aux lipides.
Lorsque nous nous sommes intéresses aux liensu@lem ntre le photo-vieillissement et les
AGMI, seulement deux études épidémiologiques (Petlad, 2001 ; Cosgrove etl., 2007)

avaient déja entrepris d’étudier ce lien.

Notre étude porte sur un échantillon de 1264 femetel655 hommes, agés de 45 a 60 ans,
qui avaient répondu a au moins 10 enregistremdimertaires de 24h et pour lesquels le
photo-vieillissement cutané avait été appréciéalisment a l'inclusion. Le choix du modele
de nutrition a été guidé par I'idée qu’'une modifica de la composition de 'alimentation
peut prévenir le vieillissement cutané. De ce faitmodéle de substitution isocalorique a été
retenu pour I'analyse des liens. Les méthodes desités et des résidus testés tour a tour ont
donné des résultats trés similaires. Les appodsnmmmandés en AGMI étant fourni en
pourcentage d’apport énergétique total, le modélelehsité a été sélectionné. Des analyses
séparées ont été réalisées pour les hommes eg¢rtenels. Les apports en AGMI ont été
exprimés en pourcentage d’apport énergétique totas, catégorisés selon les quartiles. Une
série de régressions logistiques ordinales a oddsellement proportionnels a été ensuite

effectuée pour étudier les liens entre ces appottssévérité du photo-vieillissement.

Aprés ajustement sur les éventuels facteurs deusmmf, un lien inverse significatif a été mis

en évidence entre les apports en AGMI et le phadhgsement chez les hommes. Plus les
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apports sont élevés et plus le risque de photdlissgment est faible : 4 éme quartile (Q4, les
plus gros consommateurs en pourcentage d’apporgéigue total)versusle 1% quartile
(Q1) : ORA=0,76, IGsy [0,57-1,00], p= 0,03. Lorsque les analyses ont été réalisées en
fonction des sources d’AGMI, seul un lien inverseales AGMI des huiles végétales a été
mis en évidence pour chacun des sexes (pour lesdsm 0,63 [0,44-0,90], p = 0,01 ; pour
les hommes : 0,55 [0,40-0,76], p = 0,0004). Paresi frois huiles les plus consommées
(tournesol, olive et arachide), les apports en ehudlolive ont été les seuls a étre
significativement liés avec le photo-vieillissemgpour les femmes : 0,69 [0,50-0,95],

p = 0,03; pour les hommes : 0,58 [0,43-0,77], p0602). Aucune association significative
n'a été trouvée avec les autres sources d’AGMIdpits laitiers, viandes et charcuterie).

Les résultats de cette étude ont permis de metitévidence un éventuel réle protecteur de la

consommation d’huile d’olive dans la préventionpihwto-vieillissement.
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Abstract

Background: Intake of monounsaturated fatty acids has been reported to reduce oxidative stress, insulin resistance and
related inflammatory processes and may thus protect from skin photoaging. The objective of this study was to investigate
the association between the risk of photoaging, monounsaturated fatty acids intake and the sources of monounsaturated
fatty acids.

Methodology/Principal Findings: A cross sectional study was conducted within the framework of the SUVIMAX cohort. The
survey included 1264 women and 1655 men aged between 45 and 60 years old. Dietary monounsaturated fatty acids
intakes were estimated by dietary source through at least ten 24-h diet records completed during the first 2.5 years of the
follow-up period. Severity of facial skin photoaging was graded by trained investigators at baseline during a clinical
examination using a 6-grade scale illustrated by photographs. A lower risk of severe photoaging was associated with higher
intakes of monounsaturated fatty acids from olive oil in both sexes. Strikingly, no association was found with intake of
monounsaturated fatty acids from animal sources whether from dairy products, meat or processed meat.

Concdlusion/Significance: These findings support the beneficial effect of dietary olive oil or healthy diet habits associated
with olive oil consumption on the severity of facial photoaging.
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Introduction the production of reactive oxygen species (ROS) and related
mflammation occurring in response to cumulated or intermittent
intense sun exposure. Exposure to UVB damages DNA directly
through generation of cyclobutane pyrimidine dimers and 6-4
photoproducts in keratinocytes and melanocytes, whereas UVA
damages more indirectly through generation of ROS, leading to
v ) : lipid peroxidation, activation of transcription factors (NF-kB and
including non melanoma skin cancers [3]. AP-1) and DNA strand breaks,

Skin aging is driven by both intrinsic and extrinsic factors.
Intrinsic aging, also referred to as chronological skin aging, is an
meluctable process [1], due to genedcally determined loss of cell
function with age. Intrinsic skin aging is characterized by fine
wrinkles, and drv, thin and pallid skin [5,6]. Extrinsic skin aging
overlays intrinsic aging and is dependent on environmental and

In the past century, life-expectancy has increased in most
developed countries [1]. Changes to the appearance of the skin
represent a visible sign of tissue alteration that occurs with age [2].
More specifically, skin aging is an important public health issue as
it may result in the development of a large range of morbidites

Numerous studies have focused on the possible role of diet in the
capacity of the skin to resist damage induced by UV radiation
[10]. Akhough the skin is a major fat storage organ in humans,
data on the impact of lipid intake on skin physiology are imited.
Low fat intake has been proposed to protect from photodamage
[11]. In pargcular, monounsaturated fatty acids (MUFA) have
been reported to reduce oxidative stress, insulin resistance and
related inflammation [12-15].

In this context, we have performed an analysis within the

behavioral factors. n particular sun exposure. Exirmsic aging 1s
racterized by solar elastosis, actinic keratosis, pigmentation and

vascular abnormalities. The ultumate stage of this process is skin
cancer, namely hasal cell carcinomas and squamous cell carcino-

3 2 S ; _ i il framework of the SUVLMAX cohort designed o explore possible
mas [7-9]. The main factor responsible for exirinsic aging is

associations between the severity of facial skin photoaging, MUFA
intake and the sources of MUFA. Photoaging was measured using
a fi-grade scale specially developed and validated for assessing the

ultraviolet radianon and 1s thus referred to as skin photoaging.
Skin damage, which may in part be reversible, is mainly driven by

PLOS ONE | www.plosone.org 1 September 2012 | Volume 7 | Issue 9 | 244490
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2893 women with no
photoaging assessment

1939 women younger

than 45 years old

1737 women with less
—  thanten 24h dietary

records

23 women with cancer
—»  or cardiovascular events
during the time of dietary

Figure 1. Flow chart of participants from the SU.VI.MAX study cohort retained in the analysis.

doi:10.137 1/journal.pone.0044490.9001

overall severity of photodamage. including pigmentation abnor-
malities, wrinkling and tssue slackening [16].

Materials and Methods

Study Population
Subjects were participants in the SUNLMAX (Supplémentation en
Vitamines et Minéraux Antioxydants) study, a double blind, placebo-

controlled primary prevention trial evaluating the effect of

antioxidant supplementation (a mixture of vitamin C, vitamin E,
B-carotene, zine, and selenium) on the incidence of ischemic heart
diseases and of cancers in a population of adult men and women.
A total of 13,017 volunteers, 7876 women and 3141 men were
included in 1994-1995 with a planned follow-up of eight vears.
Men were aged 45-60 vears and women 35-60 vears at
enrolment. The design, objectives and methodology of the study
have been described i extenso elsewhere [17]. All subjects gave
their informed written consent 1o the study. The study was
approved by ad hoc ethical committees, the “Comité Consultatif de
Protection des Personnes dans la Recherche Biomédicale” (COPPRE no.
706, Cochin Hospital, Paris, France), and the **Commission Nationale
de Ulnformatique et des Libertés”™ (CNIL no. 334641}, "The study was
registered at clinicaltrials.gov as NCT00272428 [18)].

Dietary Assessment

In order to take into account possible seasonal and weekly intra-
individual variations in dietary intake, subjects were asked to
complete a 24-h dietary record every two months from the
inclusion to the end of the study for a total of six records per year

PLOS ONE | www.plosone.org
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(two weekend days and four weekdays per year). Dietary data were
collected using the Minitel Telematic Network, a small terminal
that was widely used as an adjunct to the telephone in France at
the beginning of the study in the 1990s. This 24h record included
about 900 items relating to food and drink for each of three meals
(breakfast, lunch, and dinner} and for four other possible occasions
for tood intake (snacks). For each item, the subjects were requested
to indicate the portion size consumed. To improve the quality of
data collected, subjects received an instruction manual at the start
of the study, including photographs of three portion sizes of about
250 foods and drinks. The use of the manual has been validated
elsewhere [19]. The questionnaire also included questions on the
type of oil or fat used for seasoning and cooking, Other details of
these diet diaries have been published previously [17.20]. Subjects
who completed at least ten records over a period of 2.5 years after
inclusion were selected for this analysis. Ten records were
considered to be sufficient to estimate the individual intake of
monounsaturated fatty acids (A} with acceptable accuracy [21].
Iinally, all subjects who developed a cancer or a cardiovascular
event during the course of the dietary survey (2.5 vears) were not
included in the analysis (Fig. 1).

Food Composition Table

Food composition was determined using the SU.VLMAX {ood
composition table [22] with respect to energy and MUFA. This
table was compiled from existing tables, notably the Irench food
composition table [23] and recent updates [24], the USDA
National Nutrient Database [253] and the British McCance &
Widdowson's food composition table [26], as well as from original
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publications. In addition, vitamin I and vitamin C intake was
estimated using the SU.VLMAX food composition table. The
MUFA intake from each food category for each individual was
then estimated as follows. Fach complex dish was first broken
down into each of its constitutive simple food items (for example,
pies into butter, milk...) using a recipe table validated by dietitians.
Then, simple food items were grouped into food group, such as
vegetable oils, dairy products, meats and processed meats.

Outcome Variable

The severity of facial skin photoaging was assessed at baseline by
trained Investigators using a six-grade ordinal scale, each grade
being depicted by three photographs to illustrate the diversity and
the range of mamfestations within each grade [4,16]. Due to the

restricted age range of our population (middle-aged individuals)

grades 1 and 6 were rarely present, thus these extreme grades were
grouped with grades 2 and 5, respectively. The outcome variable

PLOS ONE | www.plosone.org
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Table 1. Demographic, medical and behavioral characteristics according to photoaging severity.
Women (n=1264) Men (n=1655)
Photoaging grades Photoaging grades
1-2 3 4 5-6 1-2 3 4 5-6
Characteristics (n=193) (Nn=555) (n=402) (n=114) P-value (n=212) (n=744) (n=574) (n=125) P-value
Age (years) 488 (35) 506 (41) 532 (40) 56.5(37) <00001 483 4.2) 51.2(44) 539 (3.9) 57.9(26) =0.0001
BMI (kg/m?) (%) <25 76 79 72 72 013 54 50 50 53 0.60
[25-30( 16 15 22 20 40 44 44 38
==30 8 5 [ 8 [ [ [ 8
Phototype* (%) i 3 3 6 5 018 2 2 1 5 0.0001
lila 14 12 10 9 12 7 8 [
ik 52 53 49 52 37 45 40 35
IV 29 25 29 27 45 41 42 42
V-Vl 1 5 5 @ 4 4 9 13
Lifetime sun None — Low 8 9 10 1 0.88 13 10 13 8 0.26
exposure® (%) Moderate 58 58 59 55 59 60 a1 58
High 33 28 29 30 28 29 26 34
Ovwerall physical Irregular 29 24 25 16 010 22 24 21 14 0.1
activity (%) <1 h/day 34 34 36 3 27 24 23 19
=1 h/day 37 42 40 54 52 53 56 66
Smoking habits* (%) Never smokers 62 66 63 75 0.24 34 38 35 35 0.67
Former smokers 26 25 27 17 55 52 55 50
Smokers 11 8 9 8 11 11 10 15
Hermenal status and  Nen-menop 74 59 37 13 =20.0001
MHT intake* | (%a) Menop with MHT 20 30 46 56
Menop without MHT 6 12 16 3
Educational Elementary school 22 23 23 25 038 27 25 25 31 0.0181
level* (%) Secondary school 45 41 48 47 36 33 36 47
University or equivalent 33 35 29 27 37 41 39 22
Geographic North of France 67 66 72 75 012 71 67 65 77 0.0267
locationt (%) South of France 33 34 28 25 29 33 35 23
Values are expressed as means (SD) or percentages. Differences in demographic, medical and behavioral characteristics between photoaging grades were examined
using analysis of variance for continuous variables (age) and the chi® test for categorical variables.
*Due to possible missing values the sum of the cell frequencies can be smaller than the total indicated in the top of the columns.
France has been arbitrarily divided in north and south using the northern frontier of Aquitaine, Limousin, Auvergne, and Rhéne-Alpes regions.
IMHT: menepausal hormene therapy.
doi10.1371/journal. pone.0044490.£001

was thus expressed in four grades of severity (grades 1-2, 3, 4 and
5-6).

Covariates
Data on age, geographical location (postcode)
[never, former, current), physical activity (irregula

smoking habits
, less than 1h of

walking per day, more than one hour of walking per day),
educational level (primary school, secondary school or higher
education), and hormonal status (non-menopausal, menopausal
with use of menopausal hormone therapy, menopausal without use
of menopausal hormone therapy} were collected through a self-
administrated questionnaire at inclusion. Height and weight were
measured using standardised procedures in subjects wearing
undergarments. Body mass index (BMI} was calculated as weight
(in kilograms) divided by height (in meters, squared), and
categorized groups: <25 kg/ 25-30 kgf’m?;
=30 kg/ m?. For geographical location, I'rance was arbitrarily

mto  three
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divided into North and South areas using the northern frontier of
Aquitaine, Limousin, Auvergne, and Rhdne-Alpes regions. In
addition, skin phototype was determined at baseline according to
the classification proposed by Césarini: I, 11, la, IIh, IV, V, VI
[27]. Levels 1 and VI, which were rare in our population, have
been grouped with levels II and V respectively. In addition,
lifetime sun exposure was collected using the following question:
“How would you describe the intensity of your skin’s exposure to
the sun during vour lifetime?’ none/mild, moderate, or severe
[28,29].

For the present analysis, we included 1264 women and 1655
men aged between 45 and 60 years old, from both placebo and
intervention groups, with data for dietary intake and skin
photodamage (g, 1)

Statistical Analyses

Separate analyses were conducted for each sex. Iirst, nutrient
density was calculated by expressing MUIA as a percentage of
total energy intake (TEIl} and this nutrient density was then
categorized into quartiles. Individual MUIA densities from the
main food sources and the intake of the three most frequently
consumed oils containing large amounts of MUI'A were similarly
categorized into quartiles.

Due to the ordinal nature of the outcome variable [30], a partial
proportional odds model (PPOM) was used to study the relation-
ship between photoaging and MUFA density independent of total
energy intake [31]. The model was adjusted for total energy
intake, vitamin L and vitamin C intake, age, and other possible
confounders (covariates). Results are expressed as estimated odds
ratios (ORs) with their 95% confidence intervals (95% CI) for each
quartile with respect to the first quartile as the reference. In
addition, a trend for linearity was tested by assigning each subject
the median value of their quartile, this value being modeled as
a continuous variable. In addition, to study the contributions of
specific sources of MUIA independent of total MUFA intake,
similar models were performed with respect to the dietary origin of
MUTFA adjusted on the same covariates, as well as for total MUFA
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Table 2. Dietary factors according to photoaging severity.

Women (n=1264) Men (n=1655)

Photoaging grades Photoaging grades

1-2 3 4 5-6 1-2 3 4 5-6
Dietary factors (n=193]) (n=555) (n=402) (n=114) P-value (n=212) (n=744) (n=574) (n=125) P-value
Monounsaturated fat (% TEI) 15.5 (2.4) 155 (2.8) 14.8 (3) 15.1 (34) 0.0106 148 (2.9) 14.7 (29) 145 (2.8) 139 2.8) 00005
Monounsaturated fat from
Dairy (%TEl) 4.2 (1.7) 4.2101.7) 43 01.7) 44 (1.5 073 41 (1.5) 4.0 (1.6 4.0 (1.8) 4.0 (1.5) 061
Meat (%TEIl) 1.1 (0.8) 1.0 (0.9) 1.0 (0.8) 1009 032 13 (1.1) 1.2 (0.9 1.1 (09) 1.1 (0.8) 0.28
Processed meats (%TEl) 1.100) 1.1101.3) 10 01.3) 1104 035 16 (1.5) 1.4 (1.5 1.4014) 1.4 (1.6) 03
Vegetable oils (3TEI) 3.9(25) 3.7 (23) 36 (2.0) 3720 014 34 0.9) 34 (27) 3.3 (27) 2.8 (20) 0m
Olive oil (g/day) 6.4 (44) 5.8 (4.8) 55 (4.4) 58 (46 004 74 (5.8) 721052 7.0 (54) 5.6 (4.1) 0003
Peanut oil (g/day) 1.8 (1.6) 1.8 (1.9) 16 (1.6) 17004 045 24 (1.8) 22(27) 2.1 (20) 2.1 (1.6) 0.29
Sunflower oil (g/day) 4.9 (36) 5 (4.3) 49 (3.9) 4935 093 6.1 (4.3) 6.1 (4.6) 6.1155) 6.1 (4.4) 090
Energy intake (MJ/day) 7.7 (2.2) 7.7 (2.6) 76 (2.4) 72 (25 023 105 (3.1) 104(32) 104 (32) 108 (24) 042
Vitamin E (mg/day) 11.7 (51) 116 (5.6) 114 (5.8) 11.4 (44) 073 135 (5.00 13.7 (59) 13.7 (6.8) 141 (54) 049
Vitamin C (mg/day) 83.0 (47.5) 891 (54.2) 888 (55.5) 95.4 (515) 017 0955 (56.2) 91.2(57.1) 923 (62.2) 885 (56.3) 050
Values are medians (IQR). Differences in dietary factors between photoaging grades were assessed using the Kruskal-Wallis test. TEI, Total energy intake.
doi:10.1371/journal pene.0044490.t002

density. Finally, associations between the severity of photoaging
and the three most consumed oils (olive oil, sunflower oil and
peanut oil) were investigated using the same methods,

All tests were two-sided and type 1 error was set at P<<0.05.
Statistical analyses were carried out using SAS® software release
9.1.3 (SAS Institute, Cary, NC, USA).

Results

The distribution of the women and men enrolled according to
photoaging severity and by demographic, medical and behavioral
variables is presented in Table 1. As expected, the severity of skin
photoaging was strongly hnked to age in both sexes, with non-
menopausal women presented less severe photoaging. In men,
a higher severity of skin photoaging was associated with a lower
education level, a higher phototype and a higher latitude (North of
France). In both sexes, daily intakes of MUFA were lower among
the most severe grades of photoaging than among the lowest
grades of photoaging (Table 2). Similar associations were found for
intake of MUIA from vegetable oils and olive oil.

After adjustment for possible cofounders, a significant associa-
tion was found in men between severity of photoaging and dietary
intake of MUVA (Table 3. Higher intake of MULA was associated
with a lower risk of severe photoaging (highest vs lowest quartile of
MUFA: AOR =0.76, 95%Cl1 (0.57-1.00), p=0.03). For both
sexes, a higher consumption of MUFA provided by vegetable oils
was found to be associated with a lower risk of severe photoaging
(for women: 0.63 (0.44-0.90), p=0.01; for men: 0.55 (0.40-0.76),
p=0.0004). No association was found with MUFA intake from
dairy products, meats and processed meats. I'inally, of the three

most frequently consumed oils (sunflower, olive and peanut oil),
a significant association was found for olive oil. A higher intake of
olive oil was significantly associated with a lower risk of severe
photoaging (for women: 0.69 (0.50-0.95), p=0.03; for men: 0.58
(0.43-0.77), p=0.0002). In our population, olive oil was the main
source of vegetable oil MUIFA (59% and 51%, respectively),
whereas sunflower and peanut oils provided only 15% and 13% of
vegetable oil MULA.

September 2012 | Volume 7 | Issue 9 | e44490



Olive Oil and Skin Photoaging

Discussion

In this study we report a significant association between total
intake of MUFA and skin photoaging m men but not in women.
When the individual contribution of each source of MUIA was
considered, higher intakes of MUIA from vegetable oil were
however found to be negatively associated with severe skin
photoaging independently of environmental factors known to
cause premature and accelerated skin aging in both sexes, whereas
intake of MUFA from animal products (dairy products, meat and

PLOS ONE | www.plosone.org

Table 3. Risk of photoaging according to lipid intakes.
Fat intake Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value®
Women (n=1204)
Monounsaturated fat (% TEI) <139 [13.9-15.3] [15.3-16.7( =167
AOR [95% It 1.00 (ref) 0.93 (0.70-1.23) 0.86 (0.65-1.15) 088 (0.65-1.19) 037
Monounsaturated fat from
Dairy (%TEl) =35 [3.5-4.3[ [4.3-5.2] =5 032
AOR [95% CIJt 1.00 (ref) 1.10 (0.84-1.44) 1.13(084-1.51) 1.27 (0.95-1.70)
Meat (%TEl) <07 [0.7-1.0[ [1.0-1.5] =15 017
ACR [95% CN* 1.00 (ref) 1.00 0.77-1.31) 0.88 (067-1.16) 084 1063-1.12)
Processed meats (%TEl) <06 [0.6-1.1[ [1.1-1.8] =1.8 062
AOR [95% CIJt 1.00 (ref) 0.98 (0.74-1.29) 0.85 (065-1.13) 095 (0.71-1.26)
Vegetable oils (% TEl) <27 [27-3.7[ [3.7-4.9] =49 0.009
AOR [95% CIJt 1.00 (ref) 0.99 (0.75-1.32) 0.92 (067-1.25) 063 (0.44-0.90)
Olive oil (g/day) <38 [3.6-5.8] [5.6-8.4] =8.4
AOR [95% CIJ' 1.00 (ref) 0.87 (0.66-1.15) 0.89 (0.65-1.20) 069 (0.50-0.95) 003
Peanut oil (g/day) =10 [1.0-1.7[ [1.7-2.7] =27
AOR [95% CIT' 1.00 (ref) 1.02 (0.77-1.34) 0.91 (067-1.24) 094 {0.69-1.27) 059
Sunflower oil (g/day) <32 [3.2-4.9] [4.9-7.3] =73
ACR [95% ' 1.00 (ref) 1.19 {0.90-1.57) 112 (082-1.52) 113 (0.79-1.61) 067
Men (n=1566)
Monounsaturated fat (% TEI) <132 [13.2-14.6] [14.6-16.0( =160
AOR [95% CII' 1.00 (ref) 0.89 (0.69-1.16) 0.76 (058-0.99) 0.76 (0.57-1.00) 003
Monounsaturated fat from
Dairy (%TEI) <32 [3.2-4.0[ [4.0-4.8] =4.8
AOR [95% CIJt 1.00 (ref) 0.87 (0.67-1.13) 1.10(0.85-1.42) 1.09 (0.84-1.42) 0.28
Meat (%TEl) <07 [0.7-1.1[ [1.1-1.6[ =16
AOR [95% CIJt 1.00 (ref) 1.16 (0.90-1.48) 0.99 (0.77-1.28) 1.00 (0.77-1.30) 076
Processed meats (%TEl) <08 [0.8-1.4[ [1.4-2.3] =23
ACR [95% €I 1.00 (ref) 1.04 10.81-1.33) 0.98 (0.75-1.27) 109 (0.83-1.44) 062
Vegetable oils (% TEl) <24 [24-3.3[ [3.3-4.4[ =4.4
AOR [95% CIJt 1.00 (ref) 0.71 (0.54-0.92) 0.61 (046-0.81) 055 (0.40-0.76) 0.0004
Olive oil (g/day) <47 [4.7-7.1[ [7.1-100[ =100
AOR [95% CIJ' 1.00 (ref) 0.84 (0.64-1.09) 0.81 (062-1.06) 058 (0.43-0.77) 0.0002
Peanut oil (g/day) <14 [1.4-2.2] [2.2-3.3] =33
AOR [95% CIJ' 1.00 (ref) 1.10 (0.85-1.42) 0.85 (066-1.11) 0.80 (0.61-1.06) 009
Sunflower oil (g/day) =40 [4.0-6.1[ [6.1-8.7] =8.7
ACR [95% €' 1.00 (ref) 0.84 (0.65-1.09) 0.92 (070-1.21) 095 (0.68-1.33) 099
TEI, Total energy intake,
*Probability of Wald test for linear trend.
TAOR [95% CI]: Adjusted odds ratic and 95% confidence interval adjusted for age, educational level, smoking status, overall physical activity, body mass index, hormonal
status, lifetime sun exposure, phototype, geographic location, vitamin E and C intakes and energy.
TAdjusted for the same covariates plus total monounsaturated fat intake (%TEI).
doi:10.1371/journal.pone.0044490.£003

p]'f)['ﬁﬁﬁt’d 5;.
photoaging. In particular, a higher consumption of olive oil was

inversely correlated with the severity of skin photoaging. Olive oil

mes: was not significantly associated with skin

was the only one of the three vegetable oil sources of MUIA
usually consumed in our study population [olive oil, sunflower oil
and peanut oil) to present such a protective effect. These findings
are consistent with previous studies which have addressed
individual aspects of this relationship [32-34]. Hence, Purba
et al. [33] reported a negative association between total MUIFA

intake, olive oil intake and skin aging, whereas Nagata et al. [34]
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found a positive association between MULFA intake and skin
elasticity. In contrast, another study did not find any association
between oleic acid consumption and wrinkled appearance and
even reported a higher risk of senile dryness in higher consumers
[32]. However, in these two last studies, fatty acids were
considered as a whole, without taking into account their specific
origin.

The observed negative association between olive oil intake and
severe photoaging may be due to its specific fatty acid profile with
a high amount of MUFA and a low ratio of n-6 PUFA/n-3 PUI'A
[35.36]. Indeed, MUFA is far less susceptible to peroxidadon than
PUFA. In contrast to olive oil, we did not find dairy products to be
negatively associated with skin photodamage although they
provide comparably high amoumnts of MUFA o olive oil
However, dairy products are also a rich source of saturated fatty
acids, which are known to be associated with insulin resistance and
an increase of inflammatory processes [37]. Another hvpothesis
would be that squalene and polyphenols contained in olive oils
may play a role in preventing photodamage [35.36]. Squalene is to

a large extent sequestered in the skin (sebum is reported to contain
12%}, where 1t 1s believed to exert a major protective effect against
free radical damage and skin dryness [36]. Polyphenols are also
known to be powerful radical scavengers. Both squalene and
polyphenols have been assumed to be primarily responsible for the
beneficial effects of the Mediterranean diet. Finally, as expected,
the consumption of olive oil in our population was also positively
associated with high consumption of fruits, vegetables, fish and tea,
and negatively associated with sweet products, butter and milk. In
that sense, the consumption of olive oil could also be considered as
a marker of a healthy diet [38].

Our study has both strengths and limitations. The strengths
encompass the assessment of dietary intake hased on a mean of ten
computerized 24-hour diet records in order to take into account
weekly and seasonal mtra-individual variability in the intake of the
monounsaturated fatty acids, which may be considerable [21].
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Furthermore, a validated manual containing a photographic guide
was provided to each subject in order o facilitate estimation of
portion size among seven proposed portion sizes [19]. Our study
was also a well-characterized sample of middle-aged women and
men living in the community evaluated. Finally, due to the
number of statstical tests performed, we cannot exclude that some
significant associations found may be due to chance, in spite of the
overall coherence between findings in men and in women.

Moreover, the cross-sectional design of our study does not allow us

to address the causality of the associations observed.

In conclusion, our findings provide support for a beneficial role
of olive oil in preventing severe facial photoaging. This result
should be supported by further mechanistic studies taking into

account the relationship between a diet rich in MUVA, sub-
cutaneous fat and the overall aging process, of which skin
photodamage may be a readily observable surrogate marker.
Fially. our findngs provide a useful insight into the beneficial
effect of olive oil, as the main source of dietary fat, as promoted in
a diversified diet, although the only way to demonstrate that olive
oil can prevent photodamage is to perform an interventional study.
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3.2 AGPI n-3 et photo-vieillissement cutané

Association of n-3 polyunsaturated fatty acids dietry intake with severity
of skin photoaging in middle-aged Caucasian populain

Latreille J Kesse-Guyot E, Malvy D, Andreeva V, Galan P, Bsther E Hercberg S
Guinot C Ezzedine K

Soumis au J Dermatol Sci, 2013

Résumé

Les AGPI n-3 a longues chaines (AGPI-LC n-3), erti@dier I'acide eicosapentaénoique
(EPA, C20:5 n-3) et I'acide docosahexaénoique (DB22:6 n-3) sont connus pour moduler
l'inflammation (Calder, 2009 ; Galland, 2010). ChHdmmme, une supplémentation a dose
relativement élevée de ces acides gras (entrd@ gtammes) a permis de mettre en évidence
un effet protecteur a la fois contre les dommagdsits par les UVB et dans la modulation de
I'expression de marqueurs génotoxiques précocesateers cutanés (Orengoabt 1992 ;
Rhodes etal., 1994 ; Rhodes eal., 2003). Le role des AGPI n-3 sur l'expression du
vieillissement cutané n'a été étudié que dans umdesétude épidémiologique publiée
réecemment (Nagata at., 2010).

Notre étude porte sur les liens entre AGPI n-3hettg-vieillissement cutané étudiés comme
pour les AGMI a l'aide d’'une série de régressiagdtiques ordinales a odds partiellement
proportionnels chez les 1264 femmes et 1655 homamss de 45 a 60 ans, qui avaient
répondu a au moins 10 enregistrements alimentaiee®4h et pour lesquels le photo-

vieillissement cutané avait été apprecié a I'inidos

Apres ajustement sur les éventuels facteurs deusimf, un lien inverse significatif a été mis
en évidence entre les apports en ALA et le photdhgsement chez les hommes : 4 eme
quartile (Q4, les plus gros consommateurs en patage d’'apport énergétique totabrsus

le 1* quartile de ALA : AOR=0,65, I [0,49-0,87], p = 0,004). Un lien significatif aéét
€également mis en évidence entre les apports en &Pl& photo-vieillissement chez les
femmes (0,69 [0,52-0,91], p = 0,04). Les ALA et BBA provenant de différentes sources,
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les analyses ont été réalisées en tenant comgteridgne de ces acides gras, contrairement
aux EPA et DHA fournis essentiellement par les gmis et les crustacés.

Pour les hommes, une consommation plus élevée énfailrnis par les huiles végétales et
les fruits et légumes était associée avec un risouoéndre de présenter un photo-
vieillissement élevé (huiles végétales : 0,72 [@)3®], p = 0,04 et fruits et légumes : 0,73
[0,53-0,98], p = 0,04, respectivement). Chez laanfes, les apports en ALA des huiles
végeétales tendent également a étre inversemerdadi@hoto-vieillissement (0,77 [0,56-1,07],
p = 0,06). Aucun lien n’a été trouveé avec les AlLésgroduits laitiers pour chacun des sexes.

Aucun lien n'a été également mis en évidence aa®®PA des différentes sources.

Cette étude a permis de mettre en évidence undigre la consommation de ALA et
I'expression du photo-vieillissement cutané quivaiapas été étudié précédemment dans les
études sur le vieillissement cutané (Purbalet2001 ; Cosgrove etl., 2007 ; Nagata «l.,
2010). Ces résultats suggérent un éventuel réléfipgie de la consommation quotidienne
d’AGPI n-3 sur I'expression du photo-vieillissement
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SUMMARY

Background: Intake of long-chain n-3 polyunsaturated fatty acid (PUFAs)
supplementation has been reported to be associated with reduced UVB-erythemal
sensitivity, but their relationship to photoaging has not been studied to date.
Objective: To investigate associations between daily n-3 PUFA intake and the severity
of skin photoaging.

Methods: A cross-sectional study was conducted on 2919 subjects aged 45-60 years
from the SUVILMAX cohort. At baseline, trained investigators graded the severity of
facial skin photoaging using a validated 6-grade scale during a clinical examination.
Intake of wc-linolenic (ALA), eicosapentaenoic (EPA), docosapentaenoic (DPA), and
docosahexaenoic acids (DHA) were evaluated by dietary source using ten 24-h dietary
record questionnaires during the first 2.5 years of the follow-up period.

Results: After adjustment for passible confounders, severe photoaging was found to be
inversely associated with higher intake of ALA in men and with higher intake of EPA in
women. When considering the different food sources of ALA for men, an inverse
association appeared bhetween severe photoaging and ALA from vegetable oils, as well
as with ALA from fruit and vegetables, whereas no association was observed for ALA
from dairy products. In women, ALA from vegetable oils also tended to be inversely
linked to photoaging.

Conclusions: These findings suggest a possible benefit effect of n-3 PUFAs on skin
aging. Nonetheless, further epidemiological studies are necessary to confirm our

results and to gain additional insights into underlying mechanisms.
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1. Introduction

Skin photoaging results from a combination of intrinsic and extrinsic aging
factors [1]. Intrinsic aging is an inevitable process due to the natural degeneration of
cell functioning that occurs with age and is genetically determined. Clinically, intrinsic
aging is characterised by fine wrinkles and by dry, thin and pallid skin. On the contrary,
extrinsic aging is dependent on environmental and behavioural factors and may be
considered reversible [2]. It is characterized by solar elastosis, actinic keratosis,
pigmentation and vascular abnormalities [1, 3]. Ultraviolet radiation, the main factor
responsible for extrinsic aging, leads to production of reactive oxygen species (ROS) in
the skin and associated inflammation, which alter the functioning of the skin [4]. As a
consequence, photoprotection by micronutrients from the diet, such as carotenoids,
ascorbate and tocopherol or polyphenolic compounds has received much attention
over the last years [5]. In contrast, the possible involvement of lipid intake in
photoaging has been poorly investigated, although long-chain n-3 polyunsaturated
fatty acids (LC n-3 PUFAs), in particular eicosapentaenoic (EPA) and docosahexaenoic
acids (DHA) have been suggested to modulate skin inflammation[6]. Consistently,
supplementation with high doses of the n-3 PUFAs, EPA and DHA acids has heen found
to protect from UVB-induced damage and to modulate the expression of early
genotoxic markers of human skin cancer [7-9].

a-Linolenic acid (ALA) is the precursor of the n-3 PUFA family and is considered
as an essential fatty acid because it cannot be synthetized by mammals. LC n-3 PUFAs
(eicosapentaenoic (EPA), docosapentaenoic (DPA), and docosahexaenoic acids (DHA)
are derived from ALA, but the extent of conversion in humans is low [10]. Therefare in

humans, the diet constitutes the main source of n-3 PUFAs. ALA is provided by
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different food sources (vegetable oils, green leafy vegetables, nuts and animal fats)
whereas LC n-3 PUFAs are mainly derived from foods from marine source [11].

In this context, we have examined, within the framework of the French
SUVI.MAX cohort, possible associations between the severity of skin photoaging and

the n-3 PUFAs dietary intakes, as well as the dietary sources of n-3 PUFAs.

2. Materials and methods

2.1. Study population

Subjects were participants in the SUVI.MAX (Supplémentation en Vitamines et
Minéraux Antioxydants) study, a randomized, double-blind, placebo-controlled,
primary prevention trial evaluating the effect of daily antioxidant vitamins (C, E and B-
carotene) and minerals (selenium and zinc) at nutritional doses on the incidence of
cancer and ischemic heart disease. A total of 13,017 volunteers, 7876 women aged 35-
60 years, and 5141 men aged 45-60 years old, were included in 1994-1995 with a
planned follow-up of eight years. Details on study design, recruitment, and baseline
characteristics of the subjects have been reported previously [12]. The study was
approved by ad hoc ethical committees, the “Comité Consultatif de Protection des
Personnes dans la Recherche Biomédicale” (CCPPRB no. 706, Cochin Hospital, Paris,

France), and the “Commission Nationale de l'informatique et des Libertés™ (CNIL no.

334641).
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2.2. Outcome variable

Each participant was examined at baseline by trained investigators to rate the
severity of facial skin photoaging using a validated 6-grade ordinal scale of
photodamage [13). Each grade is depicted by three reference photographs to illustrate
the diversity and the range of pigmentation anomalies, wrinkling and slackening. As
grades 1 and 6 were rarely present in our middle-aged population, they were grouped
with grades 2 and 5, respectively. The outcome variable was thus one of four severity
grades (1-2: mild or mild/moderate, 3: moderate, 4: moderate/severe and 5-6: severe

or Very severe).

2.3. Dietary assessment

To assess usual dietary intake taking into account for potential seasonal and
weekly variations, participants were asked to fill in a 24-h dietary record every 2
months, from the inclusion to the end of the study, i.e. a total of six records per year (2
weekend days and 4 weekdays per year). The dietary data were collected using the
Minitel Telematic Network (the ancestor of internet), a small computerized terminal
widely used in France at the beginning of the study, in the 90’s, An instruction manual
of photographs containing a guide for food classification was provided to facilitate
estimation of portion size (seven proposed portion sizes). Photos of portion sizes were
previously validated using 780 subjects in a pilot study [14]. Each 24-h dietary record
included about 900 items relative to food and drinks for each of three meals
(breakfast, lunch, and dinner) and of four other food intake occurrences. It also
included questions on the type of oil or fat used for seasoning and cooking. Additional

details on the 24-h dietary record have been published previously [11, 12]. All the
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subjects who completed at least 10 records over a period of 2.5 years after inclusion
were retained for this analysis [11]. Ten records have been considered to be sufficient

to estimate the individual intake of PUFAs with adequate accuracy [15].

2.4. Food composition table

The energy and nutrient content of declared food intake was determined from
the SU.VI.MAX food composition table. This table was developed from the French food
composition table; the US Department of Agriculture National Nutrient Database; and
the British McCance & Widdowson's food composition table [16]. For each participant,
the n-3 PUFAs intake from each food category (meats, processed meats, poultry, eggs,
dairy products, fish and seafood, vegetable oil, fruit and vegetables, sweet products,
nuts, cereal products) was estimated by a two-step process. Firstly, each complex dish
was broken down into each constituent simple food item using a recipe table validated
by dietitians (for example, chocolate cake was broken down as follows: egg, sugar,
butter, black chocolate, flour, and salt). Secondly, simple foad items were grouped into

food categories.

2.5. Covariates

Demaographic, medical and behavioural characteristics were collected through a
self-administrated questionnaire at enrolment: age, global physical activity (none, less
than 1h of walking per day, more than one hour of walking per day), geographical
location (North and South areas using the northern frontier of Aquitaine, Limousin,
Auvergne, and Rhoéne-Alpes regions), smaoking habits (never, former, current),

educational level (primary school, secondary school or higher education) and hormaonal
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status (non-menopausal, menopausal with or without menopausal hormone therapy).
Height and weight were measured using standardized procedures on subjects wearing
their undergarments. Body mass index (BMI) was calculated as weight (in kilograms)
divided by height (in meters, squared), and has been categorized in three classes: <25
ke/m?, [25-30] kg/m?, =30 kg/m? Skin sun sensitivity was evaluated using the
classification proposed by Césarini (phototypes: I, II, la, b, IV, V, V1) [17]. As levels |
and VI were rare in our population, they have been grouped with levels Il and V,
respectively. Lifetime sun exposure was assessed from a 3-grade question included in a
self-reported questionnaire: “How would you describe the intensity of your skin

exposure to the sun during your lifetime? none/mild, moderate, or severe” [18, 19].

2.6. Statistical analyses

Fatty acid intake was expressed as percentage of total energy intake (TEl), and
these nutrient densities were categorized afterwards into quartiles according to their
distributions. The associations between nutrient densities and each covariate were
tested with chi® tests for categorical covariates and analyses of variance for continuous
covariates. Next, the relationships between nutrient densities and the outcome of
interest (grading of skin photoaging) were studied using a series of partial proportional
odds models [20]. Each model was adjusted for total energy intake [21], vitamin E and
vitamin C intake, age, and other possible confounders (covariates). The results are
expressed as estimated odds ratios (ORs) with their 95% confidence intervals (95% Cl)
for each quartile, the first quartile being used as the reference. Maoreover, linear
trends were tested by assigning each participant the median value for their quartile,

this value being modelled afterwards as a continuous variable. In order to evaluate the
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contribution of each specific source of n-3 PUFAs, similar models were tested
according to the dietary origin of n-3 PUFAs adjusted for the same set of covariates,
plus the total n-3 PUFAs density.

Regarding the study sample, all subjects who developed a cancer or a
cardiovascular event during the time of dietary survey (2.5 years) were not included in
the analysis. Moreover, women younger than 45 years old were excluded from the
analysis in order to keep comparable classes of age for men and women. In cenclusion,
the present analysis included all participants aged between 45 and 60 years old at
inclusion in the cohort and for whom data for dietary intakes and skin photodamage
severity grading were completed (1264 women and 1655 men) (Fig. 1).

Separate analyses were conducted for men and women, all tests were two-
sided and type | error was set at P < 0.05. Statistical analyses were carried out using

SAS® software release 9.1.3 (SAS Institute, Cary, NC, USA).
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3. Results

Statistical indicatars of dietary n-3 PUFA intake distribution are presented in
Table 1. ALA was the main source of n-3 PUFAs, followed by DHA, EPA and DPA. The
mean intake of ALA {0.39% of TEl/day for women and 0.36% for men) was lower than
the current French recommendation (1% of TEI). The mean intake of EPA (118 mg/day
for women and 144 for men) was also lower than the French recommendation (250
mg/day), whereas the mean intake of DHA (210 mg/day for women and 248 mg for
men) was close to the recommended intake (250 mg/day) [22].

The association between n-3 PUFA intake as a percentage of total energy intake
and the different covariates evaluated are shown in Table 2. A significant association
was found between total energy intake and intake of LC n-3 PUFAs in both men and
women, with the lowest total energy intake having the highest intake of LC n-3 PUFAs,
Geographical location and smoking habits were significantly associated with ALA
intake. In both sexes, high consumers of ALA were more likely to live in the South of
France and to be non smokers.

After adjustment for possible confounders, a significant association was found
between ALA intake and the severity of photoaging in men, whereas no significant
association was found for long-chain n-3 PUFAs (Table 3). A higher intake of ALA was
associated with a lower risk of severe photoaging (highest vs lowest quartile of ALA:
AOR=0.65, 95%IC [0.49-0.87], p = 0.004). In wamen, no significant association was
found with intake of ALA, but women with the highest intakes of long-chain n-3 PUFAs
tended to present a lower severity of photoaging (0.75 (0.57-0.99), p = 0.08). In

particular, a significant decrease in photoaging risk was found in women with higher

11
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intakes of EPA (0.69 (0.52-0.91), p = 0.04) and a similar tendency with DPA (0.77 (0.58-
1.02), p = 0.10) (Table 4).

The analyses were then reiterated according to the source of PUFAs. Given that
ALA is provided by different food sources, we decided to study all sources giving more
than 10% of total ALA intake: dairy products (29.7% for women and 29.4% for men,
respectively), fruit and vegetables (14.9% and 12.6%, respectively) and vegetable oils
(14.8% and 14.3%, respectively). For men, the highest consumption levels of ALA,
provided by vegetable oils and by fruit and vegetables were found to be associated
with a lower risk of severe photoaging (0.72 (0.53-0.99), p = 0.04 and 0.73 (0.53-0.98),
p = 0.04, respectively) (Table 3). In women, ALA from vegetahle oils also tended to be
inversely linked to photoaging (0.77 (0.56-1.07), p = 0.06) (Table 4). No association
with photoaging was found for ALA intake from dairy products in either men or
women.

In contrast to ALA, EPA and DHA were mostly derived from fish and shellfish.
DPA was also derived from marine sources (39.4% for women and 35.8% for men), but
also from meat (24.3% and 25.8%, respectively) and processed meat (17.5% and
20.3%, respectively). No association was found between photoaging and the different

food sources of DPA in either men or women.
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4. Discussion

In this large study, we found inverse associations between severity of photoaging and
ALA intake in men, and between severity of photoaging and EPA intake in women
independently of environmental factors known to play a role in skin aging such as
smoking habits and sun exposure. In contrast, no significant association was found
between photodamage and DPA or DHA. To the best of our knowledge, none of the
studies that have investigated the relationship between dietary factors and skin aging
have specifically addressed potential associations between photoaging and ALA intake
[23-25].

When considering the different food sources of ALA, an inverse association was
found between severe photoaging and ALA from vegetable food sources (vegetable oil,
fruits and vegetables). This finding is consistent with those of Purba et al. [24] who
studied the association hetween specific dietary consumption categories and actinic
skin damage. They reported an inverse association between actinic skin damage and
dietary intake of vegetables and olive oil. In contrast to ALA consumption from overall
vegetahle food sources, we did not find ALA intake from dairy products to he
associated with skin photodamage. It should be emphasized that dairy products are
not only a major source of ALA but also a significant provider of saturated fatty acids,
which are recognized to play a major rale in inflammatory processes [6].

Contrary to our findings, Nagata et co-workers did not report a significant
association between long-chain n-3 PUFA (EPA+DHA) intake and skin aging in a
population of 716 lapanese women, aged 20-74 years [25]. Strikingly, in their sample,
the lowest intake of long-chain n-3 PUFAs were higher than thase found in the highest

quartile of our Western population. Thus, in our French population, subjects in the
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lowest quartile of EPA and DHA consumption had a median intake below 100 mg,
whereas in the lapanese population the median intake of EPA and DHA in the lowest
quintile was 366 mg/day. In consequence, the high levels of long-chain n-3 PUFAs
intake in the Japanese sample may have a protective effect in all subjects.

Our study has both strengths and limitations. The strengths of our study include
the large sample size of this community-dwelling middle-aged subjects as well as the
methods used to evaluate photoaging and to assess dietary intakes. Indeed, Skin was
evaluated using the Larnier skin photoaging photographic scale. This method is a
reproducible, quantitative method of measuring overall photoaging. The assessment of
dietary intakes was also based on ten computerized 24-hour records. This specific tool
allowed us to take into account weekly and seasonal intra-individual variability. The
use of a validated photographic repertory for estimating portion sizes also increased
the precision of the dietary data [14]. Our study also has some limitations, notably that
the cross-sectional and observational design of our study does not allow us to address
the causality of the associations observed. Moreover, the participants implied by an
interventional trial are likely to be more health-conscious and nutritionally aware than
the average population.

In summary, our findings suggest a heneficial role of n-3 PUFA intake in
preventing photoaging. These findings, which differ between men and women, could
be related to gender-specific skin physiology as well as gender-specific sun exposure
and protection habits [18, 26]. The inverse association between n-3 PUFAs and severe
skin aging may be due to the protective effect of these nutrients on inflammation
previously reported in experimental and clinical studies [7-9, 27, 28]. These protective

effects should be put in a wider perspective as these nutrients may also be considered
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as surrogate markers of a healthy and diversified diet including large intakes of
vegetable and marine food products. Nevertheless, further epidemiological studies are
necessary to confirm our results and to gain further insights into underlying

mechanisms of photoaging and social and behavioural patterns.
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Fig. 1. Flow chart of participants of the SU.VI.MAX study retained in the analysis.

Cancer/CV: subjects diagnosed with cancer or cardiovascular disease during the dietary

evaluation period.
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Table(s)

Table 1 Statistical indicators of the distribution of n-3 PUFA intake according to gender

n-3 PUFA intake Min P5 P25 Median P75 P95 Max Mean STD
Women (n=1264)
18:3 n-3 ALA (mg/d) 203 426 600 731 890 1260 2491 772 271
LC n-3 PUFA (mg/d) 5 86 168 306 515 972 1842 386 292
20:5 n-3 EPA (mg/d) 1 19 47 92 164 295 641 118 95
22:5 n-3 DPA (mg/d) 1 20 33 48 73 128 244 58 34
22:6 n-3 DHA (mg/d) 3 35 34 161 284 556 1077 210 171
18:3 n-3 ALA (%TEI) 0.16 0.29 0.34 0.37 042 0.57 1.13 0.39 0.09
LC n-3 PUFA (%TEIl) 0.00 0.04 0.09 0.16 0.27 0.49 1.15 0.20 0.15
20:5 n-3 EPA (%TEI) 0.00 0.01 0.02 0.05 0.08 0.16 0.33 0.06 0.05
22:5 n-3 DPA (%TEI) 0.00 0.01 0.02 0.03 0.04 0.07 0.15 0.03 0.02
22:6 n-3 DHA (%TEI) 0.00 0.02 0.04 0.08 0.15 0.28 0.68 0.11 0.09
Men (n=1655)
18:3 n-3 ALA (mg/d) 320 550 760 910 1110 1500 3954 959 307
LC n-3 PUFA (mg/d) 26 109 228 377 619 1101 2479 467 323
20:5 n-3 EPA (mg/d) 25 64 117 195 352 953 144 111
22:5 n-3 DPA (mg/d) 5 29 46 66 91 148 282 74 37
22:6 n-3 DHA (mg/d) 15 46 109 195 332 617 1363 248 188
18:3 n-3 ALA (%TEI) 0.17 0.27 031 0.34 0.38 0.51 1.64 0.36 0.09
LC n-3 PUFA (%TEl) 0.01 0.04 0.09 0.14 0.24 0.43 1.31 0.18 0.13
20:5 n-3 EPA (%TEI) 0.00 0.01 0.02 0.04 0.07 0.14 0.53 0.06 0.04
22:5 n-3 DPA (%TEI) 0.00 0.01 0.02 0.02 0.03 0.06 0.12 0.03 0.01
22:6 n-3 DHA (%TEI) 0.01 0.02 0.04 0.07 0.13 0.24 0.66 0.09 0.07
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Min: minimum value; P5: 5" percentile (5% of the population has lower intakes than the P5
value); P25: 25" percentile (25% of the population has lower intakes than the P25 value);
Median (50% of the population has lower intakes than the P25 value); P75: 75" percentile
(75% of the population has lower intakes than the P75 value); P95: 95" percentile (95% of
the population has lower intakes than the P95 value); Max: maximum value; STD: standard
deviation; ALA: a-linolenic acids; LC n-3 PUFA: long chain n-3 polyunsaturated fatty acids;
EPA: eicosapentaenoic acids; DPA: docosapentaenoic acids; DHA: docosahexaenoic (DHA)

acids; TEI: Total energy intake.
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Table(s)

Table 2 Relationship between n-3 PUFA intake as a percentage of total caloric intake and selected covariates

Women [n=1264]

Men (n=1555)

ALA density LC n-3 PUFA density ALA density LC n-3 PUFA density
Characteristics a1 [+ a1 o4 a1 o4 Qa1 04"
Age in years, mean (std) 513 (4.6) 517 (48] 514(45] 515 (4.8) 527047) 523047 51.3(4.7) 527 (£8)
Energy in Kcal, mean (std) 1853 (466) 1861 (455) 1312 (442] 1785 (452)** 554 (585) 2500 (54Z) 2606(552) 2406 (536)**"
Photoaging grades E. % 1-2 {Mild and mild/moderate] 14 17 14 15 11 14 14 12
3 [Moderate) 42 45 43 45 42 45 47 42
4 [Moderate/severs] £ 30 34 23 37 34 23 40
5-6 [Severe/very savere) ] 7 g 10 11 6 9 7
Educational leve ",'Pﬁ Elementary schoaol 26 20 25 18t 28 23 28 20t
Secondary school 43 45 45 48 16 17 35 34
University or equivalent 31 31 30 34 16 40 38 45
Smoking habits &, % Mever smckers 62 BE¥ 62 63 28 Jgese 34 37
Former smokers 24 27 26 25 55 53 53 54
Smokers 14 7 11 | 16 7 12 |
Geographic location ©, % Morth of France 76 ao** 13 74 77 BO** 63 69
South of France 24 35 34 26 23 40 37 31
BRI (kg/m?), % < 25 75 77 80 72 50 53 53 48
[25—30[ 15 19 15 22 45 40 40 45
230 7 5 5 & 5 8 7 7
Phototype E_. % 111 3 5 5 3 1 2 1 3
a 11 | 14 8 5 10 9 &
iz 52 52 45 LT 42 44 42 43
I 25 28 29 25 43 36 EL] 40
V-l [ 4 [ ] g 7 [ &
Lifetime sun expasure question E, % MNone—Low 10 10 10 10 9 12 11 13
Moderate 5& B 60 53 57 55 L] 54
High 28 28 29 32 27 24 27 29
Phiysical activity L'. % None 26 26 26 26 22 21 20 21
less than 1h of walking/day 34 37 R 34 26 22 22 23
maore than 1h of walking/day 40 37 35 40 k3 L7 58 55
Hormaonal status b_. b Mot menopausal =i 50 5L 51 - - - -
Menopausal with MHT 37 35 32 37 -
IMenopausal without MHT 13 14 14 13 -
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*We only presant the values for the extreme quartiles (Q1 and (Q4) but statistical testing was performed taking into account all four categories
of nutrient densities; ® Percantages do not add up to 100% because of missing values; “ France has been arbitrarily divided into North and South
using the northern frontier of Aguitaine, Limousin, Auvergne, and Rhdne-Alpes regions; ALA: a-linolenic acid; LC n-3 PUFA: Long-chain n-3
polyunsaturated fatty acids (sum of eicosapentaenoic (20:3n-3), docosapentaenoic (22:3n-3) and docosahexaenoic acids (22:6n-3)); std:
standard deviation; MHT: menopausal hormone therapy; Probability of chi® tests or ANIOVA:  p < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001,

other comparisons are non significant.
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Table(s)

Table 3 Risk of photoaging according to levels of n-3 PUFA, total and by source, intake in

men (n=1655)

Fat intake Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value®
18:3 n-3 ALA, % TEI ® <0.31 [0.31-0.34] [0.34-0.38] =0.38 0.004
AOR (95% CI) © 1 0.82 (0.63-1.06) 0.74(0.56-0.96) 0.65 (0.40-0.87)
18:3 n-3 ALA from
Dairy products, %TEI <0.080  [0.080—-0.100] [0.100—0.122[ 20.122
AOR (95% Cl) 1 0.84 (0.65-1.09) 1.16(0.90-1.50) 1.06(0.81-1.39)  0.42
Fruit and vegetables, % TEI <0.030 [0.030 —0.041] [0.041 -0.055] =0.055
AOR (95% Cl) 1 0.85(0.65-1.10) 0.78(0.59-1.03) 0.73(0.53-0.98)  0.04
Vegetahle oils, % TEI <0.031 [0.031-0.046] [0.046 -0.064] =0.004
AOR (95% Cl) 1 0.78(0.60-1.01) 0.62(0.47-0.81) 0.72(0.53-0.99)  0.04
LC n-3 PUFA, % TEI <(0.088 [0.088 —0.145] [0.145-0.237] =0.237
AOR (95% CI) © 1 0.89 (0.69-1.14) 0.88 (0.69-1.14) 0.90(0.70-1.16) 0.54
20:5 n-3 EPA, % TEI <0.024 [0.024 —0.045] [0.045-0.074] >0.074
AOR (95% CI) © 1 1.01(0.79-1.3) 0091 (0.71-1.17) 1.05(0.82-1.36)  0.77
22:5n-3 DPA, %TEI <0.018 [0.018 - 0.025] [0.025-0.035] =0.035
AOR (95% Cl) © 1 0.92 (0.71-1.18) 0.84(0.65-1.08) 0.93(0.72-1.20)  0.65
22:5 n-3 DPA from
Fish and seafood, %TEI <0.003 [0.003 -0.007 [ [0.007-0.017[ =0.017
AOR [95% CI] © 1 1.04 (0.80-1.35) 1.06(0.79-1.43) 1.32(0.90-1.92) 0.16
Meat, %TEI <0.003  [0.003-0.006[ [0.006 - 0.008[ >0.008
AOR [95% CI] ® 1 1.01(0.79-1.29) 1.02(0.79-1.31) 1.02(0.79-1.32)  0.98
Processed Meat, %TEI <0.002 [0.002 -0.004[ [0.004—0.007] =0.007
AOR [95% CI] ® 1 1.07 (0.84-1.37) 0.94(0.73-1.22) 1.06(0.81-1.38) 0.97
22:6 n-3 DHA, %TEI <0.043 [0.043 -0.075] [0.075-0.127] =0.127
AQR (95% CI) € 1 0.92(0.72-1.19) 0.84(0.65-1.08) 0.9(0.70-1.17) 0.46

® Probability of Wald test for linear trend. ®For each fatty acid, the first line describes the

cut-off values of each quartile. “ AOR [95% CI]: Adjusted odds ratio and 95% confidence

interval adjusted for age, educational level, smoking status, physical activity, body mass

index, hormonal status, lifetime sun exposure, phototype, geographic location, vitamin E and

Cintake and energy. d Adjusted for the same covariates plus total ALA intake (%TEI).

® Adjusted for the same covariates plus total DPA intake (%TEI). ALA: a-linolenic acid; TEI:
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Total energy intake; EPA: eicosapentaenoic acid (20:5n-3); DPA: docosapentaenoic acid
(22:5n-3); DHA: docosahexaenoic acid (22:6n-3); LC n-3 PUFA: Long-chain n-3

polyunsaturated fatty acids (sum of EPA, DPA and DHA).
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Table(s)

Table 4 Risk of photoaging according to levels of n-3 PUFA, total and by source, intake in

women (n=1264)

Fat intake Quartile 1 Quartile 2 Quartile 3 Quartile 4 P-value ®
18:3 n-3 ALA, % TEI® <0.34 [0.34-0.37] [0.37 —0.42] 20.42
AOR (95% CI) © 1 0.96 (0.72-1.28) 1.07(0.80-1.43) 0.82 (0.61-1.10)  0.17
18:3 n-3 ALA from
Dairy products, %TEI <0.090  [0.090-0.110[ [0.110-0.131[ 0.131
AOR (95% CI) 1 0.93(0.71-1.22) 1.04(0.78-1.39) 1.18 (0.87-1.58)  0.17
Fruits and vegetables, % TEI <0.038 [0.038—-0.053[ [0.053-0.072[ =0.072
AOR (95% CI)° 1 1.24(0.92-1.68) 1.11(0.81-1.52) 1.14(0.80-1.62)  0.62
Vegetable oils, % TEI <0.036  [0.036-0.052[ [0.052-0.072] 20.072
AOR (95% ClI)° 1 1.08(0.82-1.44) 0.78(0.58-1.05) 0.77 (0.56-1.07)  0.06
LC n-3 PUFA, % TEI <0.091 [0.091-0.160] [0.160-0.268] =0.268
AOR (95% CI) © 1 0.81(0.61-1.07) 0.73(0.55-0.96) 0.75(0.57-0.99)  0.08
20:5 n-3 EPA, % TEI <0.026 [0.026 —0.049] [0.049-0.085] =0.085
AOR (95% CI) © 1 0.71(0.53-0.94) 0.73(0.56-0.97) 0.69 (0.52-0.91)  0.04
22:5n-3 DPA, %TE! <0.018 [0.018 —0.025] [0.025-0.038] 20.038
AOR (95% CI) © 1 0.82 (0.62-1.09) 0.66(0.5-0.87) 0.77 (0.58-1.02)  0.10
22:5n-3 DPA from
Fish and seafood, %TEI <0.003 [0.003 —0.008] [0.008—0.021] 20.021
AOR [95% CI] ® 1 0.99 (0.74-1.32) 0.99(0.71-1.39) 0.97 (0.61-1.53)  0.93
Meat, %TEl <0.003 [0.003 —0.005[ [0.005-0.008[ =0.008
AOR [95% CI] ® 1 1.20(0.92-1.58) 1.1(0.83-1.45) 1.09 (0.82-145)  0.79
Processed Meat, %TE| <0.002 [0.002 —0.004] [0.004 —0.006[ 20.006
AOR [95% CI] ® 1 0.90 (0.68-1.19) 0.92(0.7-1.21) 0.96 (0.73-1.26)  0.62
22:6 n-3 DHA, %TEI <0.045 [0.045-0.084] [0.084-0.151] =0.151
AOR (95% CI) © 1 0.80{0.60-1.05) 0.79(0.60-1.04) 0.80 (0.60-1.05)  0.24

® Probability of Wald test for linear trend. ®Far each fatty acid, the first line describes the

cut-off values of each quartile.“ AOR [95% ClI]: Adjusted odds ratio and 95% confidence

interval adjusted for age, educational level, smoking status, physical activity, body mass

index, hormonal status, lifetime sun exposure, phototype, geographic location, vitamin E and

Cintake and energy. d Adjusted for the same covariates plus total ALA intake (%TEIl).

¢ Adjusted for the same covariates plus total DPA intake (%TEIl). ALA: a-linolenic acid; TEI:
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Total energy intake; EPA: eicosapentaenoic acid (20:5n-3); DPA: docosapentaenoic acid
(22:5n-3); DHA: docosahexaenoic acid (22:6n-3); LC n-3 PUFA: Long-chain n-3

polyunsaturated fatty acids (sum of EPA, DPA and DHA).
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3.3 Autres travaux réalisés sur la cohorte SU.VIXMA

En marge de ce travail de these, j'ai participélaysériode de 1998 a 2012 a une série de
travaux réalisée sur la cohorte SU.VI.MAX et qu@iésenterai succinctement dans les pages
qui suivent : recherche d’une typologie du compudst alimentaire qui a fait I'objet de mon
mémoire de master Z5(inot et al.,, 2001p) étude du comportement d’exposition au soleil
(Guinot etal., 20013, caractérisation de la sensibilité naturellealpdau au soleilJuinot et

al., 20053, sensibilité de la peau auto-déclar€aiifot et al., 2006r lien entre phototype,
statut en vitamine D et densité minérale osse@a@npt et al., 2006} impact d’'une
supplémentation en vitamines et minéraux antioxiglaur le risque de cancer cutané
(Hercberg et al., 2007 lien entre les variants du gene du récepteuadaélanocortine de
type 1 (MC1R) et la couleur de la pedwatfeille et al., 2009 impact des variants du géene
MC1R sur la sévérité du photo-vieillissement cutdnévisage Elfakir et al., 2010, éventuel
effet résiduel ou retardé de la supplémentationasurvenue de cancer cutané 5 ans apres
I'arrét de la supplémentatioic£zedine et al., 20)0recherche des facteurs de risques des
lentigines et des taches de rousseur chez des feroaueasienne€gzedine et al., 20)2
étude d’'association génomique (GWAS) sur le phaedhgsement Le Clerc et al., 201Ret

lien entre les variants du gene MCI1R et les ridesainmeil {did et al., 2013

3.3.1 Recherche d’'une typologie du comportementaltaire

Use of multiple correspondence analysis and clusteanalysis to study
dietary behaviour: Food consumption questionnaire n the SU.VI.MAX

cohort

Guinot C, Latreille JMalvy D, Preziosi P, Galan P, Hercberg S, Tenaah\.
Eur J Epidemiol, 2001, 17, 505-16

Article présenté en annexe 2

Résumeé

Les effets de différents aliments et nutriments lsudéveloppement de maladies ont été
souvent étudiés mais peu d'attention a été accaidBeffet des habitudes alimentaires.
L’objectif principal de cette recherche était dhdia une typologie de comportement

alimentaire d’'un large échantillon d’hommes et@®mines a I'’échelon national.
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Un questionnaire de fréquence alimentaire ayantegtgli par 2923 femmes et 2180 hommes
de la cohorte SU.VI.MAX a été utilisé pour menebian cette recherche. Les personnes
devaient estimer en moyenne le nombre de fois avhient consommé un aliment sur la
période des six ou douze derniers mois. La typelogcherchée a été réalisée a partir des
fréquences mensuelles des apports alimentairestditiisées par rapport a la médiane. Les
analyses ont été réalisées par sexe. Dans un priamips, une analyse des correspondances
multiples a été effectuée afin d’obtenir une vuendemble des données en représentant
graphiquement les variables et les individus. Lesximités entre les individus et les
modalités des variables ont pu étre observéesesutifférents plans principaux. Les facteurs
principaux interprétables ont été retenus, ce gpérmmnis pour la suite de travailler sur des
coordonnées factorielles moins nombreuses queaesbles de départ. Une “dissection” du
nuage de points des individus selon I'orientaties trois premiers facteurs a ensuite permis
d'aboutir a une typologie a huit classes. La mémgenadche a été réalisée sur la

consommation de produits allégés.

Cette recherche a permis la définition pour chageee de huit types de comportement

alimentaire et quatre types de comportement deccomsgtion de produits allégés.

Le but de ce travail était d’'une part de proposer méthodologie originale pour définir une
typologie Guinot et al., 201p et d‘autre part de fournir une typologie de com@ment
alimentaire permettant I'étude des liens avec &eselirs de santé et de détecter d’éventuels
comportements alimentaires a risque afin de formules recommandations de santé

publique.
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3.3.2 Etude du comportement d’exposition au soleil

Sun exposure behaviour of a general adult populatoin France

Guinot C, Malvy D,_Latreille JPréziosi P, Galan P, Vaillant L, Tenenhaus M,dHerg S,
Tschachler E

Skin and Environment — Perception and Protection (JRing, S. Weidinger, U. Darsow
éditeurs), 10th EADV Congress, Munich, 2001. ISBN&323-1411-8, Monduzzi editore
S.p.A., Bologne, 2001, p. 1099-106

Article présenté en annexe 3

Résumeé

Les rayons ultraviolets sont connus pour jouer @le prépondérant dans I'accélération du
vieillissement cutané et le développement des tusneutanées. Néanmoins, 'augmentation
de la durée des vacances, la facilité des voyagés mode du bronzage ont entrainé ces
cinquante derniéres années une plus grande expositi soleil. Dans le but de pouvoir
décrire I'exposition et la protection solaire deslontaires de la cohorte SU.VI.LMAX, des
scores ont été construits a partir des données glstionnaire auto-administré développé

spécifiguement pour I'étude SU.VI.MAX.

Huit dermatologues et épidémiologistes ont con&ihu’élaboration du questionnaire. Celui-
ci comporte deux parties, la premiéere partie sarhiabitudes d’exposition et de protection
solaire dans l'année qui vient de s’écouler, etdiuxieme partie sur les habitudes
d’exposition appréciées globalement au cours dadaCe questionnaire a été envoyé aux
12741 volontaires de la cohorte par courrier eni¢évi997. Soixante dix pour cent des
questionnaires ont été renseignés et récupérési pesquels 91% étaient exploitables. Au
final, les données de 4825 femmes et 3259 hommestéranalysées. Des scores quantifiant
I'exposition et la protection au soleil ont ensédité construits. Une méthode de recherche de
typologie de variables a d’abord été utilisée peétectionner des groupes de variables
homogenes. Les groupes ont été construits de neaaieraximiser l'inertie expliquée par la
premiere composante principale de chaque grouptement dit, les groupes de variables
ont été construits de telle fagcon que les variabfgsartenant au méme groupe soient aussi
corrélées que possible entre elles. Ensuite, ualysmen composantes principales (ACP) a

éte réalisée sur chacun des groupes afin d’obterscore.
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Trois scores ont été construits a partir des in&tions sur I'année précédente : « Intensité de
I'exposition au soleil », « Utilisation de produde protection » et « Intensité des coups de
soleil ». De méme, neuf scores caractérisant lepooiment d’exposition face au soleil au
cours de la vie ont été construits : « Intensitéxposition au soleil au cours de la vie »,
« Intensité des coups de soleil dans I'enfancdntensité des coups de soleil a I'age adulte »,
« Nudisme », « Exposition aux UV artificiels », rafique d’'un sport de montagne exposant
particulierement la peau au soleil », « Pratiquendport nautique exposant particulierement
la peau au soleil », « Pratique d’'un hobby expogamticulierement la peau au soleil » et

« Exercice d'une profession exposant particuliemrteepeau au soleil ».

Cette étude a permis de décrire le comportemerpaiition et de protection face au soleil
d'un large échantillon d'hommes et de femmes drégeen. Des différences de comportement
ont pu étre mises en évidence entre les sexe® lestiphototypes et entre les classes d'age.
Les scores construits pourront étre utilisés paulte comme facteurs d’ajustement dans des
travaux portant sur la cohorte ainsi que cela dadtdoour I'étude des facteurs de risques des
lentigines et des éphéliddszzedine et al., 20).2

3.3.3 Caractérisation de la sensibilité de la @rasolell

Sun-reactive skin Type in 4912 French Adults partipating in the

SU.VI.MAX Study

Guinot C, Malvy D, Latreille JEzzedine K, Galan P, Tenenhaus M, Ambroisine Lcbierg
S, Tschachler E

Photochem Photobiol, 2005, 81, 934-40

Article présenté en annexe 4

Résumé

Le phototype, reflet de la protection naturelldalpeau contre le soleil, a été mis au point de
facon empirique afin de fournir un outil permettabstimer le risque individuel relatif a

I'exposition solaire et d’énoncer des principespietection adaptés. Le phototype proposé
par Césarini est basé sur deux caractéristiqueantigues : « la réaction de la peau apres
exposition au soleil » et « la fréquence des calgpsoleil » ainsi que sur trois caractéristiques
phénotypiques : « la couleur de la peau en hiver by couleur naturelle des cheveux a 20

ans » et « la fréquence des éphélides ». L’objdeti€e travail était de décrire les fréquences
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de ces caractéristiques chez les volontaires deokeorte et de mieux comprendre les

associations entre ces caractéristiques.

Les données ont été recueillies lors de I'exameamqcie réalisé sur la cohorte au cours de
'année 1998. Les caractéristiques de 4912 volmaaP868 femmes (agées de 35 a 60 ans) et
2044 hommes (45 a 60 ans), ont été évaluées panéidscins entrainés au préalable par un
dermatologue expérimenté. Le phototype avait étérohéné au préalable lors du bilan
médical réalisé en 1995 sur 4201 de ces volontakés de visualiser les liens entre les
différentes caractéristiques du phototype, uneyapales correspondances multiples (ACM) a
été réalisée. Cette méthode a permis en outrediéttles liens avec le sexe et de construire
un score quantifiant la sensibilité de la peaudeils

Un « effet Guttman » a été mis en évidence surden@r plan factoriel selon une forme en
« U » caractéristiqgue d’'un phénomene unidimensibrirzepremiere composante a donc été
retenue pour construire un score qui résume laitskigs face au soleil. Cette étude a
également permis de mettre en évidence une setgsibiltanée de la peau face au solell

moins importante chez les hommes que chez les femme

3.3.4 Sensibilité de la peau auto-déclarée

Self-reported skin sensitivity in a general adult ppulation in France: data

of the SU.VI.MAX cohort
Guinot C, Malvy D, Mauger E, Ezzedine K, Latreille Ambroisine L, Tenenhaus M,
Préziosi P, Morizot F, Galan P, Hercberg S, Tscleadh
J Eur Acad Dermatol, 2006, 20, 380-90

Article présenté en annexe 5

Résumé

Cette étude a été réalisée afin d’examiner la #aqe de la sensibilité cutanée auto-déclarée
chez un large échantillon de la population fraregidnérale et d’étudier les associations entre
les différentes manifestations rapportées. Un questire sur la sensibilité cutanée a été
développé a partir des résultats de différentedestnenées sur la région d’lle-de-France. Ce
questionnaire explore différents types de sengliliype | (rougeurs liées a la réactivité

vasculaire de la peau), type Il (manifestations acéés lices a des conditions

environnementales particulieres), type lll (martdésns cutanées liées a I'application de
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certaines substances), type IV uniquement pouehames (survenue de boutons liés au cycle
menstruel). Par ailleurs, les manifestations lgéées non-application des produits cosmétiques

habituels pour les femmes et celles liées aux emspgur les hommes ont aussi été étudiées.

La sensibilité de la peau du visage a été rapppdé®1% des femmes (n=5074) et 32% des
hommes (n=3448), la fréquence décroissant avee.l'dg classe d’age comparable, la
fréquence des types |, Il et Il étaint plus élevdwez les femmes (78, 72 et 58%
respectivement) que chez les hommes (56, 48 et .288%)fréquence du type IV était
rapportée par 49% des femmes et les réactions érgaapres rasage par 41% des hommes.
Une analyse factorielle des correspondances mestipl permis de metttre en évidence des
liens entre le phototype et les manifestationsetesibilité cutanée. Les phototypes clairs ont
déclaré plus frequemment des réactions associéggpau et des rougeurs et des sensations

de chaleurs liées aux conditions environnemen(ajes 11).

La sensibilité de la peau est un phénoméne quietoacun grand nombre de personnes, les
hommes comme les femmes, et qui décline avec I'@gequestionnaire, publié en anglais,
qui permet d’identifier des sujets qui présentefi€ents types de sensibilité cutanée pourrait
étre utilisé dans des études spécifiques, sur deglations plus homogenes afin de pouvoir

en étudier les mécanismes biologiques sous-jacents.

3.3.5 Lien entre phototype, statut en vitamine Qletsité minérale

osseuse

Phototype, statut en vitamine D et densité minéraleosseuse chez des
femmes a risque d'ostéoporose [Phototype, vitamin Btatus and bone
mineral density among women at risk of osteoporodis

Guinot C, Ezzedine K, Mauger E, Ambroisine_L, Ldlee], Bertrais S, Preziosi P, Galan|P,
Chapuy MC, Arnaud S, Meunier PJ, Tschachler E, beng S, Malvy S
Rev Med Interne, 2006, 27, 369-74

Article présenté en annexe 6

Résumeé

Le but de cette étude était de déterminer les dagtassociés a de la densité minérale osseuse
(DMO) mesurée au niveau du col du fémur chez uruggode femmes d’age moyen

considérées a risque d’ostéoporose, c'est-a-dirBnid@ar un statut précaire en
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vitamine D [25(OH)D3 < 78 nmol/L] et hyperparathigisme [parathormone
circulante > 36 pg/mL]).

Cette étude a été conduite en deux temps chezet@thdés de la cohorte. L'impact sur la
DMO de différentes variables, dont I'age, I'indide masse corporelle (IMC), le statut en
vitamine D, la consommation d’alcool, l'intensité&exposition au soleil et le phototype a été
testé a I'aide de modeles de régression linéaire.

Aucun lien significatif n’a été retrouvé entre IMD et les variables documentant le statut en
vitamine D, le taux de parathormone et le photatyjependant, les phototypes les plus clairs
étaient plus souvent associés avec les valeurglussbasses de DMO. Par contre, la valeur
moyenne de la DMO diminuait significativement avége et augmentait avec l'indice de

masse corporelle et le niveau d’activité physique.

Les conclusions de cette étude étaient les suiva@ueel que soit leur phototype, les femmes
a statut précaire en vitamine D devraient adoptersaupplémentation en vitamine D associée
a un apport adapté en calcium tout au long de €éansans négliger I'adoption de mesures de
protection solaire et le maintien d’'un niveau gaisant d’activité physique, pour améliorer

leur densité osseuse et prévenir le risque fraictura

3.3.6 Impact d’'une supplémentation en antioxydantsle risque de

cancer cutané

Antioxidant supplementation increases the risk oflan cancer in women but
not in men

Hercberg S, Ezzedine K, Guinot C, Preziosi P, G&®laBertrais S, Estaquio C, Briancon|S,
Favier A, Latreille JMalvy D

J Nutr, 2007, 137, 2098-105
Article présenté en annexe 7

Résumé

La prévalence des cancers cutanés, mélanomes ehélanomes, n’a cessé d’augmenter ces
dernieres années. L’exposition aux rayonnementavitiets, en favorisant la production de
radicaux libres, est la cause principale de sumeatrices cancers. La peau posséde pourtant

un important systeme de défense antioxydant quit eu retrouver dépassé lorsque
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I'exposition au soleil est excessive. L'impact cdusupplémentation en vitamines et en
minéraux antioxydants a dose nutritionnelle suditainution du risque de cancer cutané a été
étudié chez I'ensemble des 13017 participantsedede SU.VI.MAX.

Le traitement a été alloué de facon aléatoire :upgeo placebo (n=6481) et groupe
d’intervention (n = 6536). La supplémentation cetat en une prise quotidienne d’'une
capsule d’antioxydants (120 mg vitamine C, 30 nt@maine E, 6 mg béta-caroténe, 100 ug
sélénium et 20 mg zinc). Les participants ont éteis pendant 8 ans. Le critéere de jugement
était la survenue d’'un premier évenement de topestyde cancer cutané : mélanome, non
mélanomes (carcinome cutané spino-cellulaire eb-oablulaire), et autres types de cancers
cutanés. Lorsqu'un cancer cutané était suspeatéadaostic et le rapport histo-pathologique
étaient récupérés soit aupres du corps medicabiseittement aupres des participants. Tous

les événements ont été validés a I'aveugle paouomité d'experts.

L’analyse a été realisée en « intention de traitdres taux cumulés des cancers cutanés ont
été tout d’abord représentés pour chacun des stdes groupes a I'aide de la méthode de
Kaplan-Meier, puis comparés grace au test du Légraeffet de la supplémentation sur la
survenue de cancers cutanés a ensuite été teapestemt sur différents facteurs de confusion
grace au modéle de Cox. Les résultats ont étéragprsous la forme de rapports des risques
instantanés (Hazard Ratio : HR) avec leurs intsale confiance a 95% (1C95%).

Un total de 157 cas de cancer cutané (81 chezelesnés et 76 chez les hommes) a
été diagnostiqué : 25 mélanomes (16 chez les fersir@shez les hommes), 115 carcinomes
baso-cellulaires (57 chez les femmes et 58 cheladesnes), 13 carcinomes spino-cellulaires
(4 chez les femmes et 9 chez les hommes) et 4ec&dathdie de Bowen chez les femmes.
Chez les femmes, le nombre total de cancers cutstadssignificativement plus élevé a la
date de fin de I'étude dans le groupe d’interventjoe dans le groupe placebo (&tsus30 ;
p=0,02). Cette différence était significative ptes mélanomes (18ersus3 ; p=0,01) et non
significative pour les non mélanomes (@8sus27 ; p=0,15). Aucune différence n’a été mise
en évidence chez les hommes. Le modéle de Cox raipele mettre en évidence apres
ajustement un risque plus élevé de survenue detypas de cancer cutané dans le groupe
d’intervention chez les femmes. Cet effet a étéuimsretrouvé pour la survenue de

mélanomes mais pas pour les non mélanomes.
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Malgré l'effectif modéré des événements survenuss dtre étude, nos résultats suggerent
qgue la supplémention en antioxydants aurait unt effiérent sur la survenue des cancers

cutanés chez les femmes et les hommes, et poéimaidélétere pour les femmes.

3.3.7 Effet de la supplémentation sur la survernei€ahcer cutané 5

ans apres l'arrét de la supplémentation

Incidence of skin cancers during 5-year follow-up fer stopping
antioxidant vitamins and mineral supplementation

Ezzedine K,_Latreille,KXesse-Guyot E, Galan P, Hercberg S, Guinot CyivBl

Eur J Cancer, 2010, 46, 3316-22

Article présenté en annexe 8

Résumeé

Ce travail fait suite a I'étude précédenitte(cberg et al., 2007 L'objectif était ici d’étudier
un éventuel effet résiduel ou retardé de la supphdation sur la survenue de cancers cutanés

5 ans apres l'arrét de la supplémentation.

A la fin de I'étude d’intervention (01/09/2012), 34 sujets ont été suivis en post-
supplémentation pendant une durée de 5 ans. Teugrébléemes majeurs de santé étaient
notifiés tous les 6 mois grace a I'envoi de questires aux participants, et par toutes les
informations supplémentaires envoyées spontanérmpantles volontaires. Le critere de
jugement était comme lors de I'étude précédentstaenue d’'un premier événement de tous
types de cancer cutané. Lors de la déclaration damter, le type et le stade du cancer était

certifié par un rapport anatomopathologique.

Les taux cumulés des cancers cutanés ont été tabord représentés pour chacun des
groupes a l'aide de la méthode de Kaplan-Meiers,Run éventuel effet résiduel ou retardé de
la supplémentation en antioxydants pendant la gérie post-intervention a été testé a l'aide
d'une série de modeles de Cox ou le traitemeré défini comme une variable dépendante du
temps et en ajustant sur les covariables. Aucwet e#siduel ou retardé de la supplémentation
n'a été mis en évidence pour les deux sexes. Qiagpres I'arrét de la supplémentation, les
femmes ne présentent plus de risque significativerphus élevé de développer un cancer

cutané. Des résultats similaires avaient été obsedans des études d’intervention sur le
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cancer du poumon, l'incidence des tumeurs augmerdapidement dés le début de la période
d’intervention. L’hypothése avancée était que lapsémentation en antioxydants avait eu un
effet sur la croissance de tumeurs préexistante®tpfjue sur I'apparition de nouvelles

tumeurs. Dans ces différentes études, le risqueaheer diminuait apres l'arrét de la

supplémentation. Ces résultats suggérent un liesataentre la prise d’antioxydants et la
révélation de tumeurs cutanées. Tant que ce liarpas été invalidé, la prise systématique
d’'une supplémentation en antioxydants semble damec d&conseillée chez les individus a

risque, tels que ceux qui se sont exposés au selédcon excessive au cours de la vie.

3.3.8 Lien entre variants du gene MC1R et couleuadeau

MC1R gene polymorphism affects skin color measuredly reflectance in a

population of French adult women
Latreille J Ezzedine K, Elfakir A, Ambroisine L, Gardinier Galan P, Hercberg S, Gruber|F,
Rees J, Tschachler E, Guinot C
Photochem Photobiol, 2009, 85, 1451-58
Article présenté en annexe 9

Résumeé

Le gene du récepteur de la mélanocortine de ty@d1R) est le premier géne qui a été
identifi€ comme jouant un réle important dans lagations normales de la pigmentation de
la peau et des cheveux chez les humains. Ce gésernpe de nombreux variants chez les
caucasiens et différents variants fonctionnelsedgeme ont été rapportés liés a une couleur de
peau claire appréciée la plupart du temps a I'didehelles cliniques. Le but de ce travall
était d’étudier le lien entre ces variants obsergiész un échantillon de femmes adultes
caucasiennes et la couleur de la peau mesurédivbjaent par spectrophotométrie.

Une étude génétique ancillaire transversale a étéduwite dans le cadre de I'étude
SU.VI.MAX sur un échantillon de 570 femmes volorgai (Age a l'inclusion : 44-70 ans)
ayant respecté des consignes cosmeétiques. La caldela peau a été mesurée sur la face
interne de I'avant-bras a I'aide d’'un spectrophattmam CM2600d de Minolta (Osaka, Japon)
dans des conditions environnementales controlésap@rature du laboratoire : 21 +3°;
humidité relative du laboratoire : 37 £ 5 %). Cppareil permet de mesurer les pourcentages
de réflectance de la lumiére sur la peau entrtegieurs d’'onde 400 et 700 nm, avec un pas

de 10 nm. Le lien entre les 9 variants du MC1Rpes fréquents dans I'échantillon et la
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couleur de la peau a été d’abord étudié en regriupa variants selon la diminution de
fonction du récepteur : diminution « majeurgersus« mineure ». Puis, I'effet individuel de
chaque variant a été testé. Les liens entre lzenoule la peau et les variants ont ensuite été
examinés a l'aide d’'une analyse en composantesipailes (ACP) et les zones de confiance

ont été obtenues a I'aide d’'une méthode de réédbantge (Bootstrap partiel).

Les femmes porteuses des variants R151C, D294HED&4 R160W présentaient des
pourcentages de réflectance significativement plagés a la fin du spectre visible (région
rouge du spectre), indiquant un niveau plus fadgemélanine fonctionnelle. En revanche,
aucun effet n’a été mis en évidence pour les avmeants comparés au type sauvage. Nos
résultats soutiennent donc I'hypothese selon ladglet variants du MC1R n’altereraient pas
nécessairement la couleur de la peau, mais pouotraigssi augmenter sa sensibilité aux

radiations UV.

3.3.9 Lien entre variants du gene MCI1R et sévdlié photo-

vieillissement cutané

Functional MC1R gene variants are associated withraincreased risk for
severe photoaging of facial skin

Elfakir A, Ezzedine K, Latreille , JAmbroisine L, Jdid R, Galan P, Hercberg S, Grubg
Malvy D, Tschachler E, Guinot C

J Invest Dermatol, 2010, 130, 1107-15

Article présenté en annexe 10

=

Résumeé

Faisant suite du travail précédéhatreille et al., 2009 l'effet des variants du MC1R sur la

séverité du photo-vieillissement cutané du visageeatudié.

Plusieurs images digitales de haute qualité dugeiske chaque volontaire avaient été prises
de fagon standardisée. Ces photographies ont er&tgitexaminées par un dermatologue afin
de noter la gravité du photo-vieillissement glothalvisage selon une échelle photographique
en 6 grades validée (Larnieradt, 1994).

Le lien entre les variants du MC1R et I'expressohn photo-vieillissement cutané a été

d’abord étudié en regroupant les neuf variants des fréquents selon les catégories :
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homozygotes de type sauvage, un seul variant oM dauants. Puis, les variants ont été
regroupés selon la diminution de fonction du réeept diminution « majeure » OLErsus

« mineure » (homozygote de type sauvage, seulearenu deux variants mineurs, un seul
variant majeur, deux variants majeurs). Pour fibgffet individuel de chaque variant a été
testé. Les effets du polymorphisme du MC1R surditg du photo-vieillissement (« léger »
grades 1-3 vs « sévere » grades 4-6) ont été tastésde de régressions logistiques en

ajustant sur des facteurs de confusion.

Apres ajustement sur I'age, la présence de vardmt®C1R a été trouvée associée a un
risque significativement accru de photo-vieillisggrmsévere. Les femmes porteuses de deux
variants du MC1R ont prés de 2,33 fois plus deuasde présenter un photo-vieillissement
sévere (1Gs0[1,17 — 4,63]) par rapport a des femmes homozygieetype sauvage, ce risque

atteignant 5,61 [1,43-21,96] lors de la présencrianée de deux variants majeurs.

Les liens trouvés entre certains variants du MC1Raesévérité du photo-vieillissement
suggerent que le polymorphisme du gene MC1R jouslenprépondérant dans I'expression
du photo-vieillissement cutané. Cependant, deserebles des populations différentes et des
échantillons de taille plus importante sont enaoéeessaires pour clarifier la contribution
exacte de la perte de fonction du récepteur désrelifts variants du MC1R dans I'expression
du photo-vieillissement. Ce travail a fait I'objefune publication allégée en francais
(Latreille et al., 201}

3.3.10 Facteurs de risques des lentigines et dedides

Freckles and solar lentigines have different risk dctors in Caucasian

women
Ezzedine K, Mauger E, Latreille, Jdid R, Malvy D, Gruber F, Galan P, Hercberg| S,
Tschachler E, Guinot C

J Eur Acad Dermatol Venereol, 2012, doi: 10.1111/1468-3083.2012.04685.x
Article présenté en annexe 11

Résumé

Toujours dans la suite des études menées précéderfirateille et al., 2009 Elfakir et al.,

2010 une nouvelle analyse a été conduite afin d’étudiepact de variables phénotypiques,
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comportementales et génétiques (gene du MC1Resuathes de rousseur et la sévérité des

lentigines solaires chez des femmes caucasiennes.

La sévérité des lentigines solaires a été évalugarta des photographies du visage par un
dermatologue, puis un score de sévérité des lapgsolaires a été construit a I'aide d’'une
analyse en composantes principales. Les tachesudeaur ayant tendance a disparaitre avec
'age, les antécédents auto-déclarés de tachesudsaur ont été utilisés comme variable
d’intérét. L’exposition au soleil a été caractégisiant a elle a l'aide d’une typologie en 6
classes définie au préalable. Les facteurs de eisgu été étudiés a l'aide d’'une série de
régressions logistiques. La fréquence des coupssaleil et la présence de variants
fonctionnels du géne MC1R ont été trouvées asswdiee facon indépendante avec les
antécédents des taches de rousseur. Concerndahtiggnes, en plus de I'age cinq facteurs
ont été trouvés liés de facon indépendante a krgévles lentigines solaires : la couleur de la
peau, la capacité a bronzer, les antécédents desstde rousseur, I'exposition au soleil et la
prise de contraceptifs oraux ou de traitementsqgstagifs.

Ces résultats vont dans le sens des travaux pullliéseurement en apportant un nouvel
éclairage sur les différences entre les lentigsmaires qui sont des marqueurs du photo-
vieillissement cutané et les taches de rousseusaui principalement déterminées par des
facteurs génétiques.

3.3.11 Etude GWAS sur I'expression du vieillissetarané

A genome-wide association study in Caucasian wom@@oints out for a role

of the STXBP5L gene in facial photoageing

Le Clerc S, Taing L, Ezzedine K, Latreille lJabib T, Coulonges C, Bernard A, Melak
Carpentier W, Malvy D, Jdid R, Galan P, Hercbergv®rizot F, Guinot C, Tschachler E
Zagury JF

J Invest Dermatol, 2012, doi:10.1038/jid.2012.458

Article présenté en annexe 12

»w

Résumé

v s s

Une étude d'association génomique (GWAS) a éetésédatlans la continuité de I'étude gene
centré précédente afin d’explorer plus largememhpact des facteurs génétiques sur
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I'expression du vieillissement cutanéafreille et al., 2009 Elfakir et al., 201Q Ezzedine et
al., 2012.

La sévérité du photovieillissement global (Larngeral., 1994) et la sévérité d'une série de
signes de vieillissement ont été évaluées par umatelogue a partir de trois photographies
numérigues du visage de chaque volontaire a l'didehelles ordinales spécifiques avec
illustrations photographiques. Puis, trois scoras é&é calculés a l'aide d’'une analyse en
composantes principales : lentigines, rides etchelfnent. Ces indicateurs ont ensuite été
utilisés comme criteres de jugement dans les aemlyPar ailleurs, 'ADN extrait de
I'échantillon de sang prélevé pour chaque femmig amalysé grace a une puce a haut-débit
[llumina Human Omnil-Quad contenant 1140000 marcgigénétiques.

Parmi les marqueurs, 91000 étaient des variantethbre de copies et seront analyseés par la
suite, 118000 n‘ont montré aucune variation, 55@/@8entaient des erreurs de génotypage et
2000 étaient situés sur le chromosome Y. Aprescéedroles de qualité, il restait 874000
SNPs. Les stratifications ont été examinées disarit la méthode Eigenstrat : 18 sujets ont
été exclus de la suite de l'analyse. Les relatiemise les génotypes et les indicateurs de
vieillissement ont été étudiés séparément par égessions linéaires ajustées sur 'age, le
tabagisme, l'exposition solaire au cours de la leiestatut hormonal, et les deux principaux

vecteurs propres.

Un signal a dépassé le seuil de Bonferroni (p =08) ket a été associé avec le grade de
photovieillissement. Il a été également trouvé @eérravec les scores de rides et de
relachement. Ce SNP intronique est situé dans ne g&primé dans la peau. Ce géne, qui n'a
pas été décrit auparavant dans le contexte duiséeinent, peut constituer un bon gene

candidat pour I'étude des mécanismes moléculairegedlissement cutané.
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3.3.12 Variants du gene MCI1R et rides du sommeill

MC1R major variants are a risk factor of sleep lines in Caucasian women.
Jdid R, Ezzedine K, Latreille Galan P, Hercberg S, Malvy D, Tschachler E, Guiho

J Eur Acad Dermatol Venereol, 2013, doi: 10.1111/d12119

Article présenté en annexe 13

Résumeé

Dans le prolongement de ces précédents traviaatxeflle et al., 2009 Elfakir et al., 2010,
Ezzedine et al., 2012, Le Clerc et al., 20d@e nouvelle analyse a été conduite afin d’étudie
les facteurs de risques phénotypiques, comportemert génétiques (gene MC1R) des rides

du sommeil chez des femmes caucasiennes.

De facon indépendante, deux dermatologues ont eéatrois photographies numeériques du
visage de 542 volontaires (face et profils), aged4 a 70 ans, afin d’identifier les rides du
sommeil et d’évaluer la sévérité de différents egyde vieillissement cutané. Les facteurs de

risques ont été étudiés a l'aide d’'une série deesSipns logistiques.

Soixante femmes (11%) présentaient des rides dunedmElles présentaient en général
plusieurs rides du sommeil. Ces rides étaient ie&a$ sur le front, le long du nez, sur les
joues et sous les yeux, et plus rarement sur leane@€omme attendu, les rides du sommeil
étaient associées a I'age, et les femmes avecddssdu sommeil présentaient également un
vieillissement cutané plus important. Aprés ajugetmsur les facteurs de confusions
éventuels, la présence de deux variants majeugeda MC1R a été trouvée associée avec
une augmentation du risque de présence des rideordmeil (ORa [IC95] : 8.25 [2.62-
25.97])).

Les données sur les rides du sommeil sont peu rewsbs dans la littérature et cette étude est
la premiére a étre réalisée sur un échantillontivel@ent large de femmes. Nos résutlats
suggerent que le polymorphisme du géne MC1R pdujoaier un réle important dans

I'apparition des rides du sommeil.
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4. Discussion, perspectives et conclusion
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4.1 Discussion

La discussion portera principalement sur les ramilssus de I'étude des liens entre les acides
gras et le photo-vieillissement cutané. Nous pr&sens ensuite les différentes perspectives

de ces travaux avant de conclure.

Dans la premiére étude, nous avons mis en évideheg,une large population d’hommes et
de femmes vivant en France, un lien inverse eltrgélérité du photo-vieillissement et les
apports en AGMI provenant des huiles végétaleqlet spécifiquement ceux fournis par
I'huile d'olive. Par contre, aucun lien statistigqouent significatif n'a été trouvé avec les
apports en AGMI des produits animaux (produitsdest viandes, et charcuterigatreille et

al., 2012) Nos résultats sont en accord avec les résuleat®&uide menée par Purba et co-
auteurs (2001)qui rapportent également une association inverdee de vieillissement
actinique de la peau du dos de la main et les &pparAGMI, et en huile d’olive (Tableau 3).
Nagata et co-auteurs (2010) ont également mis eerse un lien significatif entre les
apports en AGMI et I'élasticité de la peau maisnh’pas trouvé de lien avec la sévérité des
rides de la patte d’'oie. Cependant, ils n’ont gamitcompte dans leur analyse des différentes
sources d’AGMI. Contrairement & nos résultats, @mgget co-auteurs (2007) n’ont pas mis
en évidence de lien entre apports en acide olégues rides et rapportent un risque plus
élevé de secheresse cutanée sénile quand la comsiemnen acide oléique augmente.
Cependant, comme Nagata et co-auteurs (2001)utegra n'ont pas étudié les liens avec les
différentes sources alimentaires des AGMI. Paewifi, la diversité de consommation des
AGMI n’était pas comparable entre les différentepyiations étudiées pour des raisons
probables d’habitudes alimentaires culturelles.sAinlans I'étude de Nagata et co-auteurs
menée au Japon (2010), la médiane du quintileicufédes apports en AGMI était de 16,3
g/jour et celle du quintile supérieur égale a 28jdur tandis que dans notre étude, la médiane
du quintile inférieur était égale a 19,6 g/jouraed1,6 g/j pour le quintile supérieur. De plus,
dans notre étude et celle de Purbaletune partie de la population vivait dans le bassin
méditerranéen qui est connu pour étre une régionté consommation d’huile d’olive. Dans
la littérature, seules ces trois études épidémiglats ont examiné les liens entre AGMI et

vieillissement cutané.
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Le lien inverse mis en évidence dans notre étutte &huile d'olive et la sévérité du photo-
vieillissement cutané peut s’expliquer par le prgfidique particulier de I'huile d’olive, avec
un contenu élevé en AGMI et également un faibl® e AGPI n-6/AGPI n-3 (Owen etl.,
2000 ; Viola et Viola, 2009). Les AGMI sont en éffmoins sensibles a la peroxydation
lipidique que les AGPI. L'absence de lien entrgheto-vieillissement cutané et les produits
laitiers, qui sont pourtant des sources importamtdsGMI, peut étre due aux quantités
d’AGS également fournies par ces aliments. En efest AGS sont rapportés pour étre
associés a la résistance a l'insuline et au prasesglammatoire, ce qui pourrait de ce fait
annuler les effets bénéfiques des AGMI (Riccardiaket 2004 ; Galland, 2010). L'effet
bénéfique de I'huile d'olive peut également étéedides composants mineurs de cette huile,
tels que le squaleéne et les polyphénols, qui pmnt&galement jouer un rdle important sur la
prévention du photo-vieillissement (Oweraét 2000 ; Viola et Viola, 2009). Le squaléne, un
hydrocarbure, est un des principaux composés piele$ de surface de la peau (le sébum en
contient environ 12%). Il serait un filtre natuda 'espéce majeure de ERO qu’est I'oxygéne
singulet, serait peu sensible a la peroxydatioitjpe, et protégerait ainsi la peau contre les
rayonnements UV (Kelly, 1999 ; Huang at, 2009 ; Viola et Viola, 2009). De méme, des
propriétés anti-oxydantes et anti-inflammatoire$ été attribuées aux polyphénols, ce qui
leur permettraient également de défendre la peastreiss oxydant (Owen et., 2000 ;
Cicerale efal., 2010). Enfin, I'association trouvée avec I'huil®live peut étre également le
reflet d’'une alimentation globalement plus sain&; comme attendu, les apports en huile
d'olive étaient corrélés positivement avec les afgpen poisson, en fruits et Iégumes, et en
thé, et corrélés négativement avec les apportéiraerds sucrés, en beurre, en lait, ou encore
en alcool fort (Willett eal., 1995).
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Tableau 3. Etudes épidémiologiques portant sur lédn entre lipides et vieillissement cutané

Type d’étude
Participants

Sexe, effectif,
age (années) e

Variables d’intérét
[

Recueil des données alimentaige
Lipides et/ou aliments sourceg

Résultats significatifs pour les lipides ol
les aliments sources

Référence pays étudiés
Etude transversale| H* et P, « Vieillissement actinique de la peal QFA® semi-quantitatif  Apports en lipides totaux et en AGMI
n =453, du dos de la main (échelle * Lipides totaux, corrélés négativement avec le
Participants de >=70, photographique a 6 niveaux, « AGS’, vieillissement de la peau
I'étude IUNS Australie et Beagley-Gibson, 1980) « AGMI®,  Apports en AGS corrélés positivement
« Food Habits Europe (Gréece « AGPI, avec le vieillissement de la peau
in Later Life » et Suede) « Aliments sources « Apports en légumes, légumes secs,
poissons, huile d'olive et céréales corrélés
Purba et al., négativement avec le vieillissement cutané
2001 - Apports en viandes, produits laitiers et
produits sucrés corrélés positivement avec
le vieillissement cutané
Etude transversale | F, * Peau ridée (oui/non) Rappel alimentaire de 24 heures| « Apports en lipides totaux associés
n=4025, « Sécheresse sénile (oui/non) réalisé par un spécialiste de la positivement avec le risque d’atrophie et
Participants de 40a 74, « Atrophie de la peau (oui/non) nutrition 'aspect ridé de la peau
I'étude NHANES | Etats-Unis (visage et corps) « Lipides totaux, » Apports en AO associés positivement avec
* AGS, la sécheresse sénile
Cosgrove et al., « AO?, « Apports en LA associés négativement ayec
2007 e LA le risque de sécheresse sénile et atrophie de
la peau
Etude transversale | F,  Capacitance de la peau de I'avar] QFA semi-quantitatif » Apports en lipides totaux, AGS et AGMI
n=716, bras, u.d, cornéométre CM825, |« Lipides totaux, corrélés positivement avec I'élasticité de
Participants d’'un | 20 a 74,  Taux de sébum du front, pg/cmz, |« AGS, la peau
check up de santé | Japon sébumetre SM810, « AGMI,  Apports en AGS corrélés négativement
(hopital de Gifu « Elasticité de la peau du bras, « AGPI, avec la sévérité des rides de la patte d'pie

au Japon)

Nagata et al.,
2010

coefficient WU, *?, cutométre
SEM575
« Rides de la patte d'oie (échelle a

niveaux de Daniell, 1971)

« AGPI-LC" n-3 (EPA*DHA™),
« Aliments sources
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Tableau 3. Suite

Type d’étude
Participants

Sexe, effectif,
age (années) e

[

Variables d’intérét

Recueil des données alimentaige
Lipides et/ou aliments sources

Résultats significatifs pour les lipides ol

les aliments sources

Référence pays étudiés
Etude transversale| H et F, * Photo-vieillissement cutané au Dix enregistrements alimentaires d¢ « Apports en AGMI associés négativemen
n =2919, niveau du visage (échelle 24 heures avec le risque de photo-vieillissement du
Participants de 45 a 60, photographique a 6 niveaux, * AGMI, visage chez les hommes
I'étude France Larnier etal., 1994) * Sources d’AGMI : » Apports en AGMI provenant des huiles
SUVIMAX *° - Huiles végétales, végétales (huile d'olive) associés
- Produits laitiers, négativement avec le risque de photo-
Latreille et al., - Viande, vieillissement chez les hommes et les
2012 - Charcuterie femmes
Etude transversale| H et F, * Photo-vieillissement cutané au Dix enregistrements alimentaires d¢ « Apports en EPA associés négativement
n = 2919, niveau du visage (échelle 24 heures avec le risque de photo-vieillissement ch
Participants de 45 a 60, photographique a 6 niveaux, « ALAY, les femmes
I'étude SUVIMAX | France Larnier etal., 1994) e Sources de ALA : * Apports en ALA associés négativement

Soumis pour
publication en 2013
dans la revue
Journal of
Dermatological
Science

- Produits laitiers
- Fruits et légumes
- Huiles végétales
« AGPI-LC n-3 (EPA+DHA+DPAY)
* EPA,
* DPA,
* Sources dAGMI :
- Poissons et fruits de mer,
- Viande,
- Charcuterie,
« DHA

avec le risque de photo-vieillissement ch

les hommes
» Apports en ALA provenant des huiles

végétales et des fruits et légumes assoc

négativement avec le risque de photo-
vieillissement chez les hommes

» Apports en ALA provenant des huiles
végétales tendent & étre associés

négativement avec le photo-vieillisseme

chez les femmes

ez

ez

és

YJUNS International Union of Nutritional Sciencés, : homme *F : femme,*QFA : Questionnaire de fréquence alimentalGs : acide gras saturé&GMI : acides gras
monoinsaturés/AGPI : acides gras polyinsaturéd|HANES | : First National Health and Nutrition Examation Survey,’AO : acide oléique® LA : acide linoléique
(C18:2 n-6),*u.a. : unité arbitraire?U,/U; : capacité de la peau a revenir & sa positioralaitiprés déformation® AGPI-LC : acides gras polyinsaturés a longues @sin
“EPA : acide eicosapentaénoique (C20:5 n=3pHA : acide docosahexaénoique (C22:6 n*3§U.VI.MAX SUpplémentation en Vitamines et MinéradktioXydants,
Y ALA : acidea-linolénique (C18:3 n-3)®DPA : acide docosapentaénoique (C22:5 n-3)
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Nous avons également mis en évidence un lien egtrérité du photo-vieillissement cutané
et apports en EPA chez les femmes (soumis dangulmal of Dermatological Science en
2013). Le lien entre les AGPI-LC n-3 et le viedkgsnent cutané a été étudié par Nagata et co-
auteurs (2010). Contrairement a notre étude, Nagjagan équipe n’'ont pas mis en évidence
de lien entre les apports en AGPI-LC n-3 (EPA + DHAle vieillissement cutané chez leur
population de 716 femmes japonaises, agées def2taas. Cependant dans leur population,
les apports les plus faibles en AGPI-LC n-3 (qlenimférieur) étaient supérieurs aux apports
les plus élevés (quintile supérieur) observés dat® population francaise, et de ce fait peut-
étre déja suffisants pour observer un effet pretectPar ailleurs, la taille relativement faible
de leur échantillon et la présence d’individus gE(20-74 ans, moyenaeécart-type : 43.3

8.2) peuvent expliquer I'absence de résultat sicaif. Purba et co-auteurs (2001) n’ont pas
étudié directement le lien avec les apports en AIGPIn-3, mais ils rapportent un lien
inverse entre la consommation de poisson, prineigaurce des AGPI-LC n-3, et le
vieillissement actinique du dos de la main. Dansalee étude, nous avons également mis en
évidence un lien inverse entre sévérité du phatdligsement cutané et apports en ALA chez
les hommes ce qui n'avait jamais été étudié augataln lien inverse a été mis en évidence
avec les ALA fournis par les produits végétaux ilgsuvégétales et fruits et légumes chez les
hommes et une tendance avec les huiles végétadzsled femmes. Parmi les différentes
huiles végétales, I'huile d'olive était, comme pdées AGMI, celle qui contribuait le plus aux
apports en ALA (51%), les huiles comme I'huile aéxret de colza, trés riches en ALA, étant

peu consommees.

Le lien inverse entre apports en AGPI n-3 et la&égé& du vieillissement cutané peut étre da a
I'effet de ces acides gras sur I'inflammation dé&pporté dans des études expérimentales sur
les animaux et dans quelques études cliniques (e et al., 2002 ; Black et Rhodes,
2006 ; Galland, 2010). Il peut également étre feetral’'une alimentation saine liée a une

consommation élevée de fruits et Iégumes, huilevd@@t poisson.

Des résultats différents ont été observés entrehteames et les femmes. Ces écarts
pourraient étre liés a des différences structwseplysiologiques et fonctionnelles de la peau
entre les sexes dues principalement a I'influermenbnale. En effet, I'épaisseur de la peau
est globalement plus importante chez ’'homme (1&%lds) que chez la femme, elle contient
plus de capillaires que la peau des femmes, saugtiod de sébum est également plus
importante et elle serait également plus hydragdin, les hormones stéroides sexuelles
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influent également le métabolisme, I'accumulation l& distribution du tissu adipeux
(Tchernof etal., 2000 ; Cohen-Letessier et Bombal, 2002 ; MayesVatson, 2004 ; De
Maddalena etal., 2012). Ces écarts pourraient également étre ddssadifférences de
comportement et de protection face au soleil. Eet,efious avons montré lors de notre étude
sur le comportement et I'exposition au soleil ges femmes déclaraient plus fréquemment
utiliser des produits de protections solaires at pegulierement tout au long de I'exposition

que les hommesSuinot et al., 2001a

Parmi les points forts de ces études, on peut enettravant tout d’abord la taille importante
de I'échantillon, issu de la population généralecaa la fois des hommes et des femmes, et
enfin la tranche d’age étudiée (45 a 60 ans). at,afette tranche d’age permet d’observer
les différentes manifestations cliniques du vielément cutané car c’est généralement a
partir de la quarantaine que certains signes tederelachement et les troubles pigmentaires
commencent a apparaitr&inot et al., 2001a L'utilisation pour évaluer la sévérité du
photovieillissement d’'une échelle ordinale photphigue développée, testée, et validée par
Larnier et co-auteurs (1994) est également un élémmgportant de cette étude. En effet, cette
échelle combine a la fois les troubles pigmentaiessrides et le relachement ce qui permet
ainsi de considérer le vieillissement cutané dansesisemble. Par contre, on peut regretter de
ne pas avoir pu prendre des photographies du vidageindividus dans des conditions
standardisées ce qui dans ce contexte épidémiole®ggl’époque était impossible et reste
difficilement réalisable sur de tels échantilloh%stimation des apports alimentaires a été
réalisée a partir de 10 enregistrements 24h reraptigférents jours et a différents moments
de l'année ce qui a permis d'obtenir des donnéebles et représentatives de la
consommation habituelle des AGMI et des AGPI n-8 floullec etal., 1996 ; Mennen et
al., 2002). Enfin, des facteurs de confusion connusnge la sensibilité naturelle de la peau
au soleil (le phototype) et l'intensité d’expositiau soleil (auto-appréciée) ont pu étre pris en

compte dans les analyses.

Différents modéles de nutrition étaient envisageshlfin d'étudier I'effet de I'apport en acide
gras sur I'expression du photo-vieillissement catamles modeles de substitution (méthode
standard, méthode des résidus ou méthode de demsitfaddition (méthode de partition).
Nous sommes ici dans le cadre d’'une préventiongremu la composition de I'alimentation
doit étre modifiée pour diminuer le risque de phattllissement, un modéle de substitution
a donc été sélectionné. Ainsi, comme nous l'avexiqué dans le chapitre 2.6 sur les

s, rs

méthodes statistiques, la méthode standard a étéédmtement écartée de part la forte
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colinéarité existant entre les acides gras et bap@nergétique total. Parmi les deux modéles
de substitution restants, la méthode des densiééé getenue afin d’exprimer les résultats en
termes de pourcentage d’apport énergétique. Eh effei présente I'avantage de fournir des
résultats exprimés comme les nutritionnistes pas mesures de la composition de
I'alimentation que I'on retrouve également dansresmmandations nationales. La méthode
des résidus a été néanmoins testée et a fourmédekats tres similaires a ceux obtenus avec
la méthode des densités. Par ailleurs, les méthdeletkensités et des résidus permettent de
mesurer l'effet de la substitution des acides gras les autres macronutriments a apport
énergétique total constant, mais l'effet directl'dpport en acide gras ne peut étre étudié.
Enfin, afin de compléter les résultats issus degletes de substitution et apporter un
éclairage supplémentaire sur I'effet du nutrimepiglques auteurs recommandent de tester la
méthode de partition qui est le seul modéle quimette une estimation directe de I'effet
d’addition (Willett etal., 1997 ; Thiébaut &tl., 2004).

D'autre part, certains auteurs préconisent d'ajut® modéles de nutrition sur lI'apport
énergétique lié a l'alcool lorsque celui-ci est mworpour influencer le critere d’intérét. Bien
que l'effet de I'alcool n’est pas été mis en évierdans les études sur le vieillissement
cutané (Purba etl., 2001 ; Nagata etl., 2010), nous avons néanmoins décidé de tester nos
modeles en ajustant sur l'apport énergétique liBalaool. Comme attendu, dans notre
population les hommes et les femmes présentaierd dearts importants de
consommation d’alcool : I'écart inter-quartile Q3-@ 3,4-11,6 %NRJ chez les hommes et
0,8-5,8 %NRJ chez les femmes. Apres ajustemenitaqaport énergétique lié a I'alcool, les
effets principaux trouvés pour les acides gras tnpas été modifiés, seuls les résultats pour
les apports en huile d’arachide ont été |égeremlemmngés chez les hommes, la tendance que
nous avions trouvée (P=0,09) étant devenue sigtifie (P=0,04). De plus, un lien entre la
consommation d’alcool et le risque de photo-vieskiment a été mis en évidence chez les
hommes, le risque de sévérité du photo-vieillisggnaigmentant avec la consommation
d’alcool. En revanche chez les femmes, cet effef’'est pas révélé significatif. Il serait donc
intéressant de pouvoir étudier I'effet de 'alcgalk le photo-vieillissement chez les hommes,
de tester l'interaction avec le reste de I'aliménta notamment I'apport en antioxydant, ainsi
que de tester linteraction avec d'autres compoet® a risque comme le tabagisme
I'exposition aux UV et l'utilisation de moyens detection face au soleil.

124



Les principaux facteurs de confusion susceptibliesetdagir avec I'effet de I'alimentation sur
le photo-vieillissement cutané ont été pris en demgans ces travaux : le tabagisme,
I'exposition solaire, l'utilisation de moyens deofaction face au soleil et le phototype,
appréciant la sensibilité naturelle de la peaudeils Nous avons retrouvé pour ces facteurs
des résultats similaires a ceux obtenus lors ded&réalisée par Malvy et co-auteurs (2000)
sur les facteurs liés a I'expression du photo-Nésiément.

Les femmes présentant un phototype llla, lllb et dwt montré un risque de photo-
vieillissement avéré significativement plus failglge celles présentant les phototypes les plus
clairs (I&Il). Par contre, aucune différence n'a #étise en évidence entre les phototypes &Il
et les phototypes les plus foncés (V), lequel qmtss pourtant une meilleure protection
naturelle face au soleil. Ceci nous a conduit pchacun des sexes a examiner de facon
détaillée le comportement d’exposition et de prid@cau soleil pour chacun des phototypes
et nous a permis de mettre en évidence des prafiéegosition et de protection différentes
selon les phototypes qui pourraient expliquer lessl trouvés avec I'expression du photo-
vieillissement. En effet, les femmes présentanphiototype foncé (V), par rapport a celles
ayant un phototype clair (I-11), ont déclaré pluéuemment avoir été beaucoup exposées au
soleil (28%vs 7%), avoir été exposées aux UV artificiels (1¥8#%) et avoir pratiqué plus
frequemment une profession exposant particulierémersoleil (16%vs 5%). De plus, elles
ont déclaré utiliser moins régulierement des moykngrotection solaire (42%s 67%). Les
femmes des autres phototypes présentaient, queltesades profils intermédiaires en termes
d’intensité d’exposition et de protection solaites risques moindres de photo-vieillissement
observés chez les femmes présentant les photoiygemeédiaires (Illa a IV) par rapport a
celles présentant un phototype clair (I-Il) powerdi donc s'expliquer par une meilleure
protection naturelle vis a vis des effets des tamhia UV associée a une exposition modérée
et a une bonne attitude de protection solairecBaire, les femmes présentant un phototype
V, malgré une protection naturelle importante facesoleil, pourraient en raison de leur
comportement d'exposition élevée au soleil et d'utigsation modérée de moyens de
protection présenter un photo-vieillissement proaee celui des sujets présentant des

phototypes clairs.

Chez les hommes, aucune différence significatiaett® mise en évidence entre la sévérité du
photovieillissement des sujets présentant un pyototclair (I-11) et ceux présentant les
phototypes llla, lllb ou IV. Par contre, les homntss phototype V présentaient un risque

plus élevé de photo-vieillissement que les autrestqiypes. Comme chez les femmes,
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I'examen du comportement d’exposition et d'utilisatde moyens de protection face au soleil
a permis de constater que plus les hommes présememrotection naturelle importante face

au soleil (phototypes élevés), plus ils déclaregqiiemment s’exposer de fagon intensive. En
revanche chez les hommes, l'utilisation régulieeemibyens de protection solaire est moins
fréquente que chez les femmes, excepté chez lesisnprésentant un phototype clair (I-11).

Le bénéfice d'une protection naturelle importaaigefau soleil semble donc étre annulé par
un comportement d'exposition importante associaaeaabsence d'utilisation de moyens de

protection.

Un lien entre la sévérité du photo-vieillissememtané et l'intensité d'exposition au soleil au
cours de la vie était attendu, cependant celuiestgévélé non significatif. L'intrication
complexe entre le phototype et le comportementpiisition et d'utilisation de moyens de
protection solaire peuvent en partie expliquer &multat. Les sujets présentant la meilleure
protection naturelle au soleil (phototypes éles&s)t aussi ceux qui s’exposent de facon plus
importante et qui se protegent le moins. De ménoels ravons retrouvé le lien entre la
localisation géographique et la sévérité du phadhgsement que Malvy et co-auteurs
(2000) ont déja rapporté : les sujets du sud derdamce présentant un photo-vieillissement
moins important par rapport a ceux du nord alos cgite région est réputée étre soumise a
un haut niveau de rayons ultraviolets ambiants. dugets vivant dans les régions francaises
les plus ensoleillées ont probablement adopté mrpoaement de protection face au soleil et
présentent aussi probablement plus souvent quediennrd un bronzage résiduel protecteur
d'une année sur l'autre. Par ailleurs, cela pdumdiquer qu’une exposition progressive,
probable dans le sud de la France, pourrait égalfeenmir un effet protecteur sur le photo-

vieillissement par la production d’eumélanine.

L’effet du tabac sur le photo-vieillissement, ragpopar différents auteurs (Kadunead,
1991 ; Ernster edl., 1995) était également attendu, mais aucun ligmifgatif n’a été mis en
évidence dans notre étude. Ceci est sans doutdaduatiable disponible. En effet, nous ne
disposions que d’'une classification globale erstroveaux (non fumeur, fumeur, ex-fumeur),
alors que l'effet du tabac est généralement éidiée au nombre d'années de tabagisme ou
par le nombre de paquets années (moyenne du natebpaquets par jour multiplié par le
nombre d’année pendant lequel le sujet a fumépeant compte du nombre d'années d'arrét

pour les ex-fumeurs.
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Le photo-vieillissement apparait donc influencé ls par des facteurs génétiques (ainsi que
le montre l'effet du phototype) en interaction ades facteurs comportementaux, comme
I'exposition et l'utilisation de moyens de protectiface au soleil. Le réle du polymorphisme
génétique a été étudié par ailleurs dans une étadsversale réalisée sur un sous échantillon
de 570 femmes issues de cette population : uneiptus élevé de photo-vieillissement sévere
a été mis en évidence chez des porteurs de ceviiiasits du géene MC1R prédisposant a une
plus grande production de phaeomélanine, et du §&Xd&8P5 (Le Clerc et al., 2012 ; Elfakir
et al.,, 2010). En effet il existe deux types de anigle, 'eumélanine anti-oxydante et la
phaeomélanine pro-oxydante. Le rapport entre cex tgpes de mélanine, dont le géne
MC1R est le principal responsable au niveau génétidétermine en partie le phototype.

L’alimentation, en particulier la consommation dtss gras, semble également pouvoir agir
dans ce processus complexe qu’est le photo-vesltient qui correspond au vieillissement
cutané que I'on observe sur une zone non protdgddd etal., 2001 ; Nagata etl., 2010 ;
Cosgrove etl., 2007 ;Latreille et al., 2012 Cependant, la liste des facteurs pouvant agir su
le vieillissement cutané ne s’arréte bien évidentnp@s a ceux que nous avons pu étudier
dans le cadre de cette étude. Une grande variéfigctiurs physiques et chimiques peuvent
agresser la peau et accroitre le vieillissemenargut Ainsi, parmi les agents utilisés lors
d'études spécifiques avec une mise en place dfasssbxydant au niveau cutané, on compte
des polluants aériens issus des dérivés de la imbuwles carburants qu’ils soient d’origine
automobile ou industrielle, des composants de laéki de cigarette, des contaminants
d’'origine alimentaire, des substances médicameesees des produits d’entretien (Athar,
2002). Par ailleurs, des rayonnements autres queJié (infra-rouges, rayons-X, rayons
gamma, mais aussi probablement la lumiére visilde)la pesanteur, interviendraient

également dans le processus du vieillissement peda (Pierard, 1996).
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4.2 Perspectives

Dans la continuité de ces travaux, nous avonshimbn d’étudier les liens entre sévérité du
photo-vieillissement et apports en AGPI n-6. Ergftontrairement aux AGPI n-3, les AGPI
n-6 sont rapportés quand a eux pour avoir une ragio-inflammatoire (Calder, 2009). lIs
produisent des dérivés qui sont la plupart du terdes inducteurs plus puissants de
linflammation que ceux issus des AGPI n-3. Nousrev prévu dans le prolongement de
I'étude des AGPI n-3 d’étudier sur notre populaties liens entre la sévérité du photo-
vieillissement et les apports nutritionnels en AGFS (LA et AA). L'effet des ratios des
précurseurs des familles (LA/ALA) et des dérivésA(BPA) pourraient étre également
étudiés car les deux familles, AGPI n-3 et AGPI, rpértagent les mémes enzymes pour
produire leurs métabolites et sont donc en connuergour la synthése de leurs médiateurs.
Ce travail pourrait étre réalisé sur la populatopni a été étudiée pour les AGMI et les
AGPI n-3.

Un autre volet de notre recherche pourra s’attaehétudié les liens entre la sévérité du
photo-vieillissement et les apports en polyphénBls.effet, les polyphénols ont été décrits
comme ayant des propriétés anti-oxydantes, arimmrhatoires et immunomodulatrices qui
pourraient protéger du photo-vieillissement. Lef/ploénols représentent une grande famille
de composés chimiques trouvés avant tout dansuis, fles légumes, les noix, les graines et
également dans les produits transformés commeélelehvin ou le chocolat. Ces quinze
derniéres années, un intérét grandissant a été pares composés dans la prévention des
dommages photo-induits. Différentes études expériabes menées in vitro et in vivo sur
I'animal ont montré les propriétés anti-oxydantesj-inflammatoires et immunomodulatrices
des polyphénols (Nichols et Katiyar, 2010 ; Aseastsil., 2011 ; Gonzélez et al., 2011). Nous
pourrons donc étudier sur le méme échantillon dvidds que pour les acides gras les liens
entre la sévérité du photo-vieillissement cutandestapports alimentaires des principales
classes de polyphénols. La base de données Phgplirér et une table de composition
validée (Neveu etl., 2010) sont actuellement disponibles et permettentcalculer les

apports en les principales classes de polyphérgsligdrticipants de I'étude SU.VI.MAX.
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Pour ces deux projets la méthodologie utilisée pesirdeux recherches pourra étre utilisée
pour cette nouvelle problématique.

4.3 Conclusions

Ces travaux ont permis de mettre en évidence unelidre les apports en huile d'olive, en
AGPI n-3 et le photo-vieilissement chez une lapgmpulation francaise d’hommes et de
femmes d’age moyen. Ces résultats confortent I'thgse selon laquelle les AGMI et les
AGPI n-3 pourraient avoir un effet photoprotectedls contribuent a soutenir les
recommandations en faveur d’'un régime riche enehdiblive et en AGPI n-3, comme le
régime méditerranéen, dans la prévention du phieilissement et du vieillissement en
général. Dans la suite de ces travaux il pourtegt idtéressant d’étudier le réle éventuel des
composants mineurs de I'huile d'olive (squalen@datphénols) sur le photo-vieillissement

cutané.
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Annexe 1. Regroupement des aliments simmadtalique en

catégories de sources alimentairs grag

Huile végétale

Huile d'olive, huile de tournesol, huile d'arachidauile de mais, huile de colza, huile
noix, huile de pépin de raisin, huile de soja, auiélangée type Isio 4

de

Viandes

Beeuf : bifsteack, entrecote, flanchet, faux filéti braisé, pot au feu, steack haché (5%,

10%, 15%, 20% matiere grasse (MG) ou % MG inconmioeynedos, cote
Veau : cOte, escalope, filet, poitrine, réti, épgybrret

Mouton, agneau : cote, gigot, cotelette, épaule

Porc : cote, filet, travers, poitrine

Cheval : bifsteack, roti

Volailles et gibiers

Poulet, poule, coquelet, chapon, pintade, canar@gnet, oie, caneton, dinde, caille, pige
faisan, lapin, lievre, chevreuil, sanglier, biclj@nbon de volaille, saucisse de volaille

Poissons et fruits de mer

Anchois, anguille, bar / loup, baudroie, brochespilaud, carpe, carrelet, colin, eglefi

=

fletan, haddock, hareng, lieu noir, limande, lotigaquereau, merlan, morue, mulet, perche,

raie, rascasse, roussette, sardine, saumon, shtm touge, truite, turbot, surimi, hol

saumon, huitre, moule, bigorneau, bulot, coquildnsjacques, coque, praire, palourde,

plateau de fruits de mer, crevette grise, crevettee, gambas, langoustine, langou
homard, crabe, calmar / poulpe / seiche, mouleberdourteau

ste,

Charcuteries

Jambon de paris, cuit, jambon d'york, cuit, jamifomé, jambon sec type bayonne, parme,

bacon fumé, cuit, lard maigre (lardon), andouiléettrue, boudin blanc, cuit, boudin ng
cru, chair a saucisse, crue, merguez, crue, chipglaerue, saucisse de morteaux, saug

r,
isse

de toulouse, saucisse de cervelas, saucisse defdransaucisse seche, saucisson de lyon,

saucisson sec, saucisson a l'ail, salami, mortagelhdouille, crue, foie gras, fromage
téte, galantine, paté de campagne, paté de foigate, rillettes, paté / terrine autr
jambonneau, cuit, viande des grisons, chorizo sec

de

a)

M~
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Produits laitiers

Fromages : beaufort, bleu, bonbel - babybel, maibel, boursin, brie, camembert : 40%,
45%, 50% ou 60% matiére grasse/matiére séche (M@/MBi-camembert 45% MG/MS,
camembert allégé 25% MG/MS, cantal, carré de l&sapichou, chaource, cheddar, chevre
mi-sec, chévre mou, comté, coulommiers, crottiohdwre, edam, emmental, fromage fo
45%, 65% ou 70% MG/MS, fromage a pate ferme 25%NM&8sfromage a pate molle 2
MG/MS, gouda, maroilles, morbier, munster, neufehgarmesan, picodon, pont-I'evéque,
pouligny saint-pierre, pyrénées au lait de vachgrepées au lait de brebis, raclette,
reblochon, roquefort, rouy, saint-marcellin, sapaulin, saint-nectaire, sainte-mautre,
selles-sur-cher, tomme, vacherin, féta de brebiszzarella, mascarpone, mimolette,
gruyere rapé, vache qui rit, vache qui rit allégéaint-méret, saint-moéret allégé, mini-
caprice des dieux, mini-boursin, mini-roquefort,niremmental, mini-bresse bleu, Kkiri,
samos 99, p'tit louis, mini-sylphide, mini-rambadixy chavroux, mini-meule d'or, saint-
gervais carré, tranches fines, mini-tartare, tragsHines allégées

SD\

Laits : lait cru entier, lait frais entier, lait fris demi-écrémé pasteurisé, lait frais écré
lait entier Ultra Haute Température (UHT), lait degdcrémé UHT, lait écrémé UHT, lait
concentré non sucré, reconstitué, lait concenti&é&ureconstitué, lait concentré sucré, non
reconstitue, lait écrémé en poudre, lait de brelzdig,de chévre, milk-shake, lait aromatisé,
lait demi-écrémé en poudre, lait demi-écrémé a uengarantie en vitamines, lait
supplémenté en vitamines ou minéraux, lait de samise, lait fermenté, lait autre

Matiere grasse :beurre, beurre allégé, beurre demi-sel, beurre gdlédemi-sel, créme
fraiche, creme fraiche allégée 15% MG

Yaourt : yaourt nature, yaourt 0% MG nature, yaourt au hidnature, yaourt aromatis
yaourt aromatisé allégé, yaourt a boire aromatigapurt au lait entier nature, yaourt au
lait entier aromatisé, fromage blanc 40% MG/MS mefufromage blanc 20% MG/MS
nature, fromage blanc 10% MG/MS nature, fromagenbl@% MG/MS nature, fromage
frais demi-sel nature, fromage frais 0% MG/MS nafuiromage frais 40% MG/MS aux
fruits, fromage frais 0% MG/MS aromatise, petitsse 40% MG/MS nature, petit-suisse
30% MG/MS nature, petit-suisse 20% MG/MS sucrét-peisse nature, sucré, yaourt
bifidus et acidophilus, nature, yaourt au soja, yed@u lait de brebis, autres laits fermentgs,
petit-suisse aromatisé, yaourt au bifidus aromatis@mage frais 40% MG/MS nature

Fruits et légumes

Abricot, banane, brugnon - nectarine, cerise, aitrelémentine, figue, fraise, framboise,
fruit de la passion, grenade, kaki, kiwi, mandarimeangue, melon, mirabelle, myrtille,
nectarine, nefle, orange, pamplemousse jaune, pamglsse rose, papaye, péche, poire,
pomme, prune, raisin blanc, raisin noir, olive r@iwlive verte, avocat, chicorée (salade),
chou blanc, chou rouge, concombre, cresson, endin®gge, laitue, mache, pissenlit,
poireau, salade verte, artichaut, asperge, auberglmette, brocoli, carotte, céleri-branche,
céleri-rave, champignon, chou blanc, chou roug@uckiert, choucroute, chou-fleur, chgqux
de bruxelles, courgette, endive, epinard, fencualsicot beurre, haricot vert, mais doux,
marron / chataigne, oignon, petit pois, poireaujyoon rouge, poivron vert, potiron, radis
noir, radis rose, salsifis, tomate cerise, tomatzué ou cuite, sauce), ail, cerfeuil,
ciboulette / fines herbes, curry, echalotte, gingempersil / basilic, poivre

145



Céréales

Pain (complet, de mie, de seigle, biscotte, grillénnois, azyme, suédois, aux céréales,
sel), crolton de pain, chapelure / panure, pataslif@ires, aux oeufs, compléetes), pé
fraiches, blé. cuit, semoule, semoule de mais rf@le quinoa, riz (blanc, comple
sauvage), vermicelle, tapioca, flocon d'avoine,éeér pour petit déjeuner type all bre

Sans
tes

ot
AN,

enrichie, céréale sucrée pour petit déjeuner, dnecmuesli aux fruits pour petit déjeun
enrichi, pétale de mais pour petit déjeuner nonréeic enrichie, riz soufflé pour pe

er,
tit

enrichi, céréale chocolatée pour petit déjeunerjaie, céréale allégée pour petit déjeuner

déjeuner, enrichi, blé soufflé pour petit déjeuramrichi, mais soufflé pour petit déjeur+er,

type spécial k. enrichie

Fruits a coque

Amande, noisette, noix, noix du brésil, noix deocoacahuéte, pistache, noix de cajou

Sucrerie

Entremets, creme anglaise, creme dessert au chipcblantilly allégée 15% MG, meringu
croissant ordinaire, croissant au beurre, pain ait,l pain au chocolat, biscuit type pe
beurre, petite galette ronde, biscuit chocolatérréachocolatée, chocolat au lait, choco
au lait, avec fruits secs, chocolat noir, chocoddiegé, pate chocolatée, chocolat bl

cookie, beignet, barre de céréales, biscuit poutit pgéjeuner, chausson aux pomn]

€,
tit
at
nc,
es,

chouquette, pate brisée, pate feuilletée
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Annexe 2. Article sur la typologie du comportement

alimentaire

Use of multiple correspondence analysis and clusteanalysis to study
dietary behaviour: Food consumption questionnaire n the SU.VI.MAX
cohort

Guinot C, Latreille JMalvy D, Preziosi P, Galan P, Hercberg S, Tenaah\.
Eur J Epidemiol, 2001, 17, 505-16
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Abstract. Although the effects of individual foods or
nutrients on the development of discases and their
risk factors have been investigated in many studies,
little attention has been given to the effect of overall
dietary patterns. The main objectives of this study
were to identify dietary patterns and groups of sub-
jects with similar food consumption habits, i.c. ‘di-
etary profiles’, using multiple correspondence analysis
and cluster analysis. A food frequency questionnaire
was sent to a large population-based sample (2923
women and 2180 men), recruited among the “SUp-
plémentation en VItamines et Minéraux AntioXy-
dants’ (SU.VI.MAX.) cohort participants in France.
The food items were dichotomised in order to focus
the study on the highest levels of consumption.
Multiple correspondence analysis allows the con-
struction of principal components, which optimally
summarise the data, and enables the construction of

Paris, Department SIAD, Jouy en Josas, France

graphical displays. An interesting property of these
graphical displays is that associations between food
items can be observed on various projection planes,
each category of each food item being located at the
centre of gravity of the subjects corresponding to this
category. An ascending hierarchical classification was
unsuccessfully tried in order to determine clusters
from these principal components. Therefore, a “dis-
section’ of the cloud of points was performed ac-
cording to the orientation of the axes, providing a
readily interpretable eight-dictary profiles typology
for each sex. This statistical approach allows identi-
fication of particular dietary patterns and dietary
profiles, which might be more appropriate in studies
of diet-disease associations than the single food or
nutrient approach that has dominated past epidemi-
ological research.

Key words: Cluster analysis, Dietary patterns, Food consumption habits, Food frequency questionnaire, Multiple

correspondence analysis, Nutritional epidemiology

Introduction

The hypothesis, that diseases not caused by severe
deficiency malnutrition could nevertheless be linked
to nutritional factors emerged in the 1960s. These
diseases. which today comprise major public health
problems in industrialised countries (notably cancers,
cardiovascular diseases, obesity, osteoporosis, etc.),
are clearly of multifactorial origin. Among the poten-
tially determinant factors, dietary behaviour seems to
play a important role, even more so because it is
possible to act on it and thus there is the hope of
reducing the risk of disease [1, 2]. Since the features of
dietary behaviour are of a multidimensional nature,
its description and an understanding of its impact on
the possible development of chronic diseases com-
prise a major factor in terms of scientific knowledge
and public health.

In the majority of works performed to date, the
analyses of links between diet and health have taken

only one “isolated’ tood or nutrient into consideration.
The dietary data are most often collected by means of
a questionnaire on the frequency of consumption on a
qualitative or ‘semi-quantitative” basis and relating to
a few dozen groups of toods [3]. In addition, the in-
formation about physical activity that is indispensable
for understanding the nutritional balance and the re-
lationship between diet and health is generally missing
of very brief[3]. In epidemiological observation studies
(ecological studies, case—control studies or prospective
studies), the relationships between the consumption of
foods [4] (e.g. meats, fish, cereals, fruit, sugar, fats,
wine, etc.) or nutrients [5] (fats, carbohydrates, pro-
teins, trace elements) on the one hand and either the
value of nutritional status markers [6, 7] (blood levels
of cholesterol, triglycerides or glucose, body fat index,
markers of vitamin and mineral status) or health in-
dicators [8, 9] (cancer, cardiovascular disease, diabe-
tes, obesity, osteoporosis) on the other hand are
analysed.
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Indeed, although some adjustments are made in the
best cases [9], these analyses do not include the fact
that apart from its possible direct effect on nutritional
status (or state of health), the consumption of a given
food or nutrient may intervene indirectly by the fact
that it is associated with the consumption of other
foods or that it modulates the intake of other nutri-
ents [10]. In addition, the consequences of the con-
sumption of a given amount of a given food (or
nutrient) on nutritional status or health may be to-
tally different if the consumption of other foods (or
nutrients) differs [11, 12].

Multiple correspondence analysis [13-15] is a fac-
tor analysis method which summarises a set of cate-
gorical variables into a small number of orthogonal
variables called principal components. When all the
categorical variables are binary, a multiple corre-
spondence analysis is equivalent to a principal com-
ponent analysis of the dummy variables describing
the binary categorical variables. Graphical displays
are used to summarise the proximities between the
subjects and to show the associations between the
categorical variables. The subjects are represented in
two-dimensional graphical displays constructed using
principal components as axes system. Categories of
variables are located at the centre of gravity of the
subjects corresponding to these categories. This last
representation is a specificity of multiple correspon-
dence analysis.

The purpose of this study was to identify dietary
patterns and to identify groups of subjects with sim-
ilar food consumption habits, i.e. ‘dietary profiles’.
This approach could possibly enable the investigation
of diet-disease relationship more efficiently than the
study of individual foods or nutrients as the overall
pattern of a diet may have a greater effect on health
than any single component. Multiple correspondence
analysis and cluster analysis have been applied to
food consumption frequency data collected within
the context of the monitoring of subjects enrolled in
the ‘SUpplémentation en VItamines et Minéraux
AntioXydants’ (SU.VI.MAX.) cohort, comprising a
large sample of adult subjects living in France and
recruited from the general population.

Material and methods
Study context and background

The SU.VIMAX. study is a randomised double-
blind, placebo-controlled, primary-prevention trial
designed to test the efficacy of a daily supplementa-
tion with antioxidant vitamins and minerals, at nu-
tritional doses, in reducing the major health problems
in industrialised countries, and especially the main
causes of premature death [16, 17] conducted in a
‘free-living’ adult population sample. In this aim,
12,735 eligible volunteers (women aged 35-60 years;

and men aged 45-60 years at inclusion) were re-
cruited according to sex, age-group. smoking habits
and geographic location, randomly included in 1994
and are being followed up for 8§ years. The selection
criteria of this study cxcluded subjects presenting
ambiguous motivations or obsessional behaviours
concerning diet and health [17]. The methods, design.
and population characteristics of the study have been
described elsewhere [16, 18].

Briefly, demographic and medical history, anthro-
pometric measurements and clinical examinations
were performed at onset for all participants. The
variables assessment available and used in the current
analysis included demographic, anthropometric, life-
style, cigarette smoking, oral contraceptive use and
menopausal status information. Smoking history was
classified as current. former or never. Height and
weight were obtained with subjects in standardised
clothing. Body mass index (BMI) was calculated as
weight (in kilograms) divided by height (in m?). Di-
etary intakes were measured every 2 months by
means of a specific program adapted for Minitel
(French local precursor of the web), together with an
iconographic support package. This information is
based on consumption during the previous 24 hours,
and is requested on different days of the week.

The SU.VI.MAX. study has been approved by the
ethical committee for studies with human subjects
(CCPPRB no. 706) of Paris-Cochin, and the “‘Comité
National Informatique et Liberte’ (CNIL no. 334641)
which advocates that all medical information be
confidential and anonymous.

As a satellite study of the longitudinal survey, an
optional questionnaire on food consumption fre-
quency was sent by post to the cohort individuals in
1997 independently of the usual nutritional moni-
toring.

Food-frequency questionnaire

The food-frequency questionnaire concerned the
frequency of consumption of various foods at various
times of day, and the subjects had to estimate the
average number of times they consumed the food in
question during the previous 6 or 12 months. For
cach food, the frequency of consumption was noted
at different times of day corresponding to the main
meals and between meals. To remedy this dispersion
of the data, the cumulative value for the day was
calculated for each specified food, leading 44 con-
sumption frequency variables for the day.

Sample description

Among the 5723 questionnaires sent back by the
cohort subjects, 5003 could be analysed and related
to 2923 women and 2180 men. General characteristics
of the studied sub-sample are shown in Table 1.
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Table 1. Socio-demographic characteristics of the studied
population sample

Women Men

Number of subjects 2923 2180
Age class (years)*
35-39 504
40-44 669
45-49 798 915
50-54 503 635
55-60 449 630
Socio-professional categories (%)
Farmers, self employed 4.0 8.1
Managerial staff, intermediate 553 62.8
profession
Employed, workers 19.8 12.2
Non-active subjects 229 16.8
Level of education (%)
Elementary school 17.1 22,6
Secondary school 40.5 36.9
University or equivalent 424 40.5
Family situation (%)
Living alone 18.7 9.2
Co-habitating 81.3 90.8
Tobacco habits (%)
Non-smoker 56.8 33.6
Former smoker 29.5 47.5
Current smoker 13.7 18.9
Contraceptive habits (%)
No contraception 65.1
Oral contraception 12.7
Intra-uterine device 222
Hormonal status (%)
Menopausal 34.5
BMI in kg/m? (%)
<18.5 3.9 0.5
18.5-25 73.3 48.2
25-30 16.8 43.4
=30 6 7.8
Geographical location”
Paris and lle de France 19.6 18.1
Centre-East 8.4 8.2
North-West 9.2 94
North-East 7.1 7.5
West 24.6 244
South-West 8.1 9.2
Rhone-Alpes-Auvergne 13.4 13.5
Mediterranean location 9.5 9.8

*The data are presented as percentages,
number of subjects in the age classes.
PThe French departments were grouped into eight geo-
graphic regions.

except for the

Data management

In the series of boxes available for a food in the
questionnaire, it sometimes happened that one of the

507

boxes was not completed. Since this event was not
frequent (28% of missing values), we decided to
replace the missing value by the mean observed from
the available data of the food in question in each sex.
This approach motivated by the rarity of the event in
our data set had no significant impact on the distri-
bution of the food in question. Among the various
imputation methods, a more cautious but much more
onerous imputation method would have been used.
In the *Hot Deck’ method, for each non-respondent
on one or more items a matching respondent is found
on the basis of predetermined essential characteristics
for imputation, then the missing items of the non-
respondent are replaced by the respondent’s values
[19].

As classically reported in nutrition studies [20].
most distributions of our food items were highly
positively skewed. The preliminary linear correlation
study revealed that the relationships between the food
items were weak and the different transformations
attempted for normalisation of distribution failed.
Therefore, the food items were transformed by
quantiles into categorical variables, in order to in-
crease the strength of the links between the food items
[21]. Since many subjects did not consume on¢ or
other of the food, the distributions were considered
into two parts: consumers and non-consumers. Then,
the distributions of consumers were divided using
quartiles, which led to five categories for each food
item. The underlying hypothesis was that links may
exist only between the ‘over-consumption’ of some
food items. From different groupings of these cate-
gories tested, it appeared that the median of the
consumers was an interesting cut-off which can be
used as a threshold. The distribution of each food
item was eventually dichotomised: category 0 ‘no
consumption and consumption less than the median
of the consumers’, and category | ‘consumption over
or equal to the median of the consumers’, in order to
focus on the study of the highest levels of consump-
tion [10].

Statistical methods

Separate analyses were performed for men and
women in order to take into account any possible
difference in dietary behaviour between the two sexes.
A multiple correspondence analysis was first per-
formed to construct principal components optimally
summarising the data using the dichotomised vari-
ables [13-15]. This method allows to derive a set of
coordinate values summarising the subjects and the
food categories, and thus allows the associations be-
tween the subjects and the associations between the
food categories to be displayed graphically (COR-
RESP procedure). The percentage of the variance
of the principal components constructed using this
method are known to underevaluate the information
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summarised. Therefore, the percentage of explained
variance of each component was estimated using the
Benzecri formula (Benzecri option) [22]. The inter-
pretable principal components were kept. Each
principal component has been interpreted by exam-
ining the contribution of each food category to the
variance of the category coordinates. The contribu-
tion of a category was considered significant when it
was above the average contribution 1/p (where p is
the total number of categories of the variables). Fi-
nally, graphical displays of the categories of food
items were constructed, using the principal compo-
nents, in a series of two-dimensional graphs, plotting
one component against another within a sct of axes
systems (PLOT procedure).

An ascending hierarchical classification was tried
unsuccessfully to determine the most plausible num-
ber of clusters (CLUSTER procedure, Ward’s mini-
mum variance method) from these principal
components [23]. Unfortunately, the cubic clustering
criterion [24] was always very negative, which means
that the subjects were distributed according to a
continuum in the space constituted by the compo-
nents used as axes systems. Moreover, the projection
of the individual data on the graphical displays ob-
tained using different pairs of components did not
show a visible cluster structure but a homogeneous
data set. Consequently, it was decided to proceed to a
“dissection’, according to the nomenclature proposed
by Everitt [23], in a multidimensional space defined
by the principal components in accordance to the
orientation of these axes. This dissection led to
groups of approximately equal size.

The statistical analysis was performed with SAS®,
version 8.1 [24].

Results

Two types of missing values were encountered (1% of
data): the first type (72%) correspond to an implied
negative response, and the second (28%) to an
omission that was replace by the mean observed for
each sex for the food in question.

For women, the first three principal factors of the
multiple correspondence analysis were kept. The
graphical displays of the associations of food items
for women are shown in Figures | and 2. The per-
centage of the explained variance have been calcu-
lated using Benzecri’s formula: the first component
amounts to 47%, with 21% for the second compo-
nent and 11% for the third (total for the three com-
ponents:  79%). Each component was labelled
according the most contributive food items (high-
lighted with a dash line on the figures).

The interpretation of the axes was as follows: the
first component illustrated a rich diet of the ‘lux-
urious’ type in the positive values (in beige on the
figure), the second component a “dietetic’ behaviour

in the negative values (in yellow), and the third
component opposed a ‘bread and butter’ type of diet
in the negative values (in red) to a over-consump-
tion of “alcoholic drinks’ in the positive values (in
brown).

For men, the first three principal factors of the
multiple correspondence analysis were kept. The
graphical displays obtained for men are presented in
Figures 3 and 4. The percentage of the variance ex-
plained by the first component amounts to 44%, with
22% for the second component and 12% for the third
(total for the three components: 78%). The inter-
pretation of the axes was as follows: the first axis was
again determined by a ‘luxurious’ type of behaviour
in the positive values (in beige on the figure), the
second axis had a ‘dietetic’ cannotation in the positive
values (in yellow), and the third axis indicated a
‘bread and butter’ type of diet in the negative values
(in red), but, unlike the situation found in women, the
consumption of alcoholic drinks by men (in brown)
was positively associated with ‘luxurious’ type (posi-
tive on the first axis) and negatively associated with a
“dietetic’ type of behaviour (negative on the second
axis).

The descriptive analysis of the typologies showed
groups of foods which correspond to known behav-
iours. These groups of foods were used as dietary
patterns to describe the dictary profile of each group
of subjects: the consumption of fizzy drinks. sand-
wiches, cereals and mineral water was associated with
behaviour considered to be ‘modern’. the consump-
tion of biscuits, cakes, sweets, pastries and honey
or jam was associated with behaviour described as
‘ereedy’, the consumption of sweeteners. tea, infu-
sions, fruit, cooked vegetables, green salad and fish
was associated with behaviour described as ‘healthy
conscious’, the consumption of chicory. tap water
and soup was associated with behaviour described
as ‘traditional’, and the consumption of coffee, meats,
cooked pork meats, pulses and alcoholic drinks
was associated with behaviour described as ‘hedo-
nistic’. These dietary patterns were then used for
the schematic characterisation of the various groups
of individuals who determine different dietary pro-
files.

Figure 5. which illustrates the grouping of individ-
uals among the women, shows no visibly detectable
structure to the data. Because of this, this mass of
points was partitioned to produce eight groups of in-
dividuals more homogeneous according to the positive
or negative value of the three axes. (Figure 6). This
partition of the cloud of points led to a readily inter-
pretable typology of dietary profiles for men and
women.

A description of the socio-demographic charac-
teristics of the eight dietary profiles of women is
presented in Table 2. The cight women’s dictary
profiles have been described schematically, using the
dietary patterns, in the following manner:
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‘non-consumption and under-consumption” categories, the name of the food is labelled in small letter, with a grey triangle

For legibility, the most contributive categories were only plotted on each figure (categories with a contribution greater than

the average contribution: >0.0114).
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‘non-consumption and under-consumption’ categories, the name of the food is labelled in small letter, with a grey triangle

For legibility, the most contributive categories were only plotted on each figure (categorics with a contribution greater than

the average contribution: >0.0114).
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Group |: ‘modern’, “hedonistic’ and “greedy’, The description of the socio-demographic charac-
Group 2: “hedonistic’ avoiding alcohol, “tradition- teristics of the eight dietary profiles of men is given in
al’ and “greedy’, Table 4. The eight men’s dietary profiles have been

Group 3: ‘modern’, *health conscious’, and “greedy’, described schematically, using the dietary patterns, in
Group 4: ‘traditional’ and "greedy’, the following manner:
Group 5: ‘modern’, Group : “hedonistic’, ‘health conscious” and
Group 6: ‘neutral’, ‘modern’,
Group 7: “health conscious” and ‘modern’, Group 2: “hedonistic’ avoiding alcohol and “tra-
Group 8: “health conscious’ and ‘traditional’. ditional’,

Additional information on these dietary profiles is Group 3: ‘hedonistic” and ‘modern’,

given in Table 3. Group 4: “hedonistic’,
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Table 2. Socio-demographic characteristics of the dietary profiles of women
Group 1 2 3 4 5 6 7 8
Number of subjects 332 399 344 397 361 381 374 335
Mean age, years (standard deviation) 48 (7) 47 (6) 49 (7) 49 (7) 47 (6) 49 (7) 49 (7) 51 (6)
Age class in years (%)
35-39 22 22 17 14 21 18 15 9
40-44 26 25 22 25 24 20 22 19
45-49 27 29 27 26 32 24 26 27
S0-54 3 13 20 19 12 20 17 24
55-60 12 11 14 16 10 18 20 21
Socio-professional categories (%)
Farmers, self employed 4 4 3 3 + 6 5 3
Managerial staff, intermediate prof. 54 49 56 50 59 50 57 52
Employed. workers 21 21 21 20 19 20 20 14
Non-active subjects 21 26 20 26 17 23 18 31
Level of education (%)
Elementary school 16 20 19 16 14 21 15 16
Secondary school 38 40 41 40 39 41 41 45
University or equivalent 47 40 40 43 48 38 45 39
Family situation (%)
Living alone 19 15 17 13 23 22 21 18
Co-habitating 81 85 83 87 77 78 79 82
Tobacco habits (%)
Non-smoker 48 63 60 63 43 62 48 67
Former smoker 31 24 20 27 35 27 40 26
Current smoker 21 13 3 11 22 11 12 7
BMI in kg/m? (%)
<18.5 = 8 3 4 3 5 2 3
18.5-25 72 78 70 75 73 76 66 76
25-30 17 10 20 16 16 15 25 17
=30 8 4 8 5 9 4 7 4
Geographical location (%)
Paris and Ile de France 23 13 18 17 24 20 21 23
Centre-East 9 10 10 6 7 9 7 8
North-West 10 11 8 8 11 8 10 7
North-East 9 10 7 6 7 7 + 8
West 22 33 24 29 21 24 24 19
South-West 5 6 10 12 7 8 8 10
Rhone-Alpes-Auvergne 12 12 3 14 3 13 14 16
Mediterrancan location 10 7 10 8 12 10 11 9

Group 5: ‘health conscious’ and ‘modern’,
Group 6: ‘health conscious’ and “traditional’,
Group 7: ‘modern’,
Group 8: ‘neutral’.
Additional information on these dictary profiles is
given in Table 5.

Discussion

Although the effects of individual foods or nutrients
on the development of diseases and their risk factors
have been investigated in many studies, little atten-
tion has been given to the effect of overall dietary
patterns [25]. Using the data provided by the food

frequency questionnaire completed by participants in
the SU.VI.MAX. study, we identify dietary patterns,
and looked for groups of subjects with similar dictary
habits, in order to define ‘dietary profiles’. Multiple
correspondence analysis was performed on the food-
frequency questionnaire collected from the SU.VI.-
MAX. cohort. The interpretable principal compo-
nents were kept and graphical displays were
constructed by projecting the data into a low di-
mensional space to allow the structure to be exam-
ined visually. The graphical displays representing the
food items allowed visualisation of the food patterns,
and the latter were used to characterise different di-
ctary profiles [13—15]. Dissection of the cloud of
points corresponding to individuals according to the
orientation of the axes of the graphical display then
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Table 3. Description of the eight women’s dictary profiles

Group |: ‘modern’, ‘hedonistic’ and ‘greedy’

Women belonging to this group have a greater than average intake of coffee (1.3 times greater than the mean), fizzy drinks (3
times greater), fruit juice and alcoholic beverages, wine in particular (1.4 times greater), beer (3 times greater), cider (1.9
times greater), aperitifs (1.7 times greater), liqueurs (3.3 times greater) and brandies (5 times greater). Likewise, they have a
greater than average consumption of sandwiches (1.8 times greater), biscuits, cakes, sweets, pastries (1.7 times greater), sugar
(1.8 times greater), cooked pork meats (1.4 times greater) and of meat and pasta.

Group 2: “hedonistic” avoiding alcohol, ‘traditional” and ‘greedy’

Women belonging to this group consume more chicory* and tap water and avoid alcoholic beverages. They consume more
than the average amount of chocolate, biscuits, cakes, sweets, pastries and sugar (2.4 times greater than the mean), bread,
butter (1.6 times greater), honey or jam, sandwiches, meat (1.3 times greater), cooked pork meats, pasta and potatoes.

Group 3: ‘modern’, ‘health conscious’ and “greedy’

Women in this group are consumers of sweeteners (1.5 times greater than the mean). They are more than average consumers
of tea, herbal teas (1.4 times greater), fruit juice (1.5 times greater), mineral water (1.4 times greater), fizzy drinks (1.5 times
greater) and milk (1.2 times greater), and consume moderate amounts of alcoholic beverages. They consume more than the
average amount of chocolate (1.2 times greater), cereals (1.7 times greater), yoghurts (1.3 times greater), fruit, cooked
vegetables, mixed salad, green salad, pulses, (1.6 times greater), pasta, rice, fish (1.4 times greater), poultry, eggs, and cooked
pork meats, as well as pastries, biscuits and cakes.

Group 4: “traditional” and ‘greedy’

Women in this group have a consumption greater than the mean of tea, herbal teas, chicory (1.4 times greater than the
mean) and tap water (1.2 times greater), and they avoid fizzy drinks and alcoholic beverages. They eat biscuits, sweets, cakes,
honey or jam (1.5 times greater), butter, bread and sugar, along with soup (1.3 times greater), fruit (1.3 times greater), mixed
salad, cooked vegetables, green salad, pulses, potatoes, pasta (1.7 times greater), rice (1.4 times greater), eggs, poultry and
fish.

Group 5: ‘modern’

Women in this group are greater than the average consumers of coffee, fizzy drinks (1.7 times greater than the
mean), aperitifs (1.4 times greater) and brandies (1.6 times greater). They consume sweeteners (1.5 times greater),
sandwiches (1.7 times greater) and pastrics, and avoid food such as soup, fruit, mixed salad, salad, pulses, potatoes, rice and
bread.

Group 6: ‘neutral’

This group does not reveal any particular supplementary food intake. Women in this group avoid alcoholic beverages, fizzy
drinks, fruit juice and sweeteners. They take chicory (1.4 times greater than the average), bread, butter, honey or jam, and
avoid cereals, biscuits, cakes, pastries, eggs and fruit.

Group 7: *health conscious’ and ‘modern’

Women in this group consume greater than the average amount of tea (1.4 times greater than the mean), herbal teas, mineral
waters, and avoid strong alcohol beverages. They consume sweeteners (1.7 times greater), cereals (2 times greater), yoghurts
(1.3 times greater), cooked vegetables, mixed salad, green salad, fruit, poultry and fish. They avoid sugar, bread, butter,
honey and jam, sweets, potatoes, pasta, rice, sandwiches, biscuits, cakes and pastries.

Group 8: “health conscious’ and ‘traditional’

Women in this group consume more than the average amount of tea, herbal teas (1.5 times greater than the mean) and tap
water, and they avoid coffee, fizzy drinks and all alcoholic beverages. They drink soup (1.3 times greater), cooked vegetables,
fruit and yoghurts, and avoid sugar, pastries, cakes, biscuits and sandwiches.

*Chicory can be used as an additive put into coffee in France before filtering it, or as a substitute.

provided a readily interpretable typology of dietary
behaviour.

A study of dietary patterns conducted on similar
epidemiological data using multivariate approach was
published recently. Schulze et al. [26] used dietary
data collected by a food-frequency questionnaire
completed by 8975 men aged 40-64 years and 13,379
women aged 35-64 years who were participating to
the EPIC-Postdam survey. Diectary patterns were
identified in this analysis using principal component
analysis followed by Varimax rotation. The compo-
nents were then used to investigate the relationship

with nutrient intakes. These authors concluded that
these components could be used as covariates when
examining the role of a specific nutrient in order to
establish whether this effect is independent of the
overall dictary patterns.

In nutrition studies, the distributions of the food
items are usually very highly positively skewed, there-
fore the linear Pearson correlation coefficient is inap-
propriate to measure the strength of links. So the use
of principal component analysis is not relevant in
this context as this method is based on linear correla-
tions. Our alternative is to use multiple correspondence
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Table 4. Socio-demographic characteristics of the dietary profiles of men
Group l 2 3 4 5 6 7 8
Number of subjects 251 263 277 201 285 286 289 268
Mean age, years (standard deviation) 33 (5) 54 (5) 52 (4) 33(4) 54 (3) 55(5) 53 (3) 53 (4)
Age class in years (%)
45-49 45 33 55 45 40 30 46 42
50-54 28 33 29 32 28 27 29
55-60 27 34 17 23 33 41 27 29
Socio-professional categories (%)
Farmers, self employed 6 8 10 10 8 8 6 9
Managerial staff, intermediate prof. 63 60 70 59 62 60 65 64
Employed, workers 14 3 9 18 11 10 12 11
Non-active subjects 17 18 12 14 19 22 17 16
Level of education (%)
Elementary school 23 28 19 31 20 21 18 23
Secondary school 35 29 36 40 35 43 38 39
University or equivalent 42 3 40 29 46 36 44 38
Family situation (%)
Living alone 6 7 9 9 12 6 13 10
Co-habitating 94 93 91 91 88 94 87 90
Tobacco habits (%)
Non-smoker 38 35 25 27 39 40 31 34
Former smoker 48 50 44 46 50 48 46 49
Current smoker 14 15 3 27 11 11 24 17
BMI in kg/m? (%)
<18.5 0 0 0 1 0 1 0 1
18.5-25 43 60 37 45 51 57 39 53
25-30 49 36 51 47 40 37 50 39
=30 8 4 12 8 8 4 11 7
Geographical location (%)
Paris and lle de France 14 13 24 19 17 14 22 22
Centre-East 7 11 8 8 6 10 6 8
North-West 12 5 10 15 8 9 6 13
North-East 9 9 8 8 5 5 8 9
West 29 34 22 27 3 3 16 23
South-West 12 9 8 8 9 12 9 6
Rhéne-Alpes-Auvergne 8 11 13 10 15 18 19 12
Mediterranean location 9 8 7 5 16 9 14 8

analysis after having categorised the food items by
quantiles. The major advantage of categorising food
items is that it does not assume linear relationship
and therefore decreases the influence of possible
outliers data points [10], therefore in our approach all
the dietary variables were dichotomised before the
analysis.

Our results led to the definition of eight dietary
profiles for each sex based on clusters of subjects
according to their dietary patterns. These typologies
may be used in analyses performed on the SU.VI.-
MAX. cohort and particularly to study the relation-
ships between dietary behaviour and indirect risk
factors such as abnormal blood lipid values. hyper-
glycaemia, hypertension, obesity or a precarious
vitamin or mineral status or the occurrence of health-
related events [9, 11, 25]. This methodology might

be more appropriate in studies of dict-disease asso-
ciations than the single food or nutrient approach
that has dominated past epidemiological research.
Our approach, which takes many aspects of dietary
behaviour into account, may allow identification of
the impact of certain behaviours (consumption of
refined products, consumption of sugar. etc.) and
may be used in other contexts as a contribution
to the identification of factors in prevention cam-
paigns.
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Table 5. Description of the eight men’s dietary profiles

Group |: *hedonistic’, *health conscious’ and ‘modern’

Men in this group have a greater than average intake of tea (1.4 times greater than the mean), herbal teas (1.8 times greater),
mineral waters, fizzy drinks (1.6 times greater), fruit juice (1.6 times greater) and a moderately greater intake of alcoholic
beverages. They are greater consumers than the average of sweets (1.3 times greater), cakes (2.1 times greater), pastries (1.7
times greater), biscuits (1.9 times greater), sandwiches (1.3 times greater), yoghurts (1.3 times greater), cercals (1.6 times
greater), fruit (1.3 times greater), eggs (1.5 times greater), soup, cooked vegetables (1.2 times greater), mixed salad (1.3 times
greater), green salad (1.3 times greater), pulses (1.5 times greater), pasta (1.3 times greater), rice (1.5 times greater), fish (1.4
times greater) and poultry (1.4 times greater).

Group 2: “hedonistic” avoiding alcohol and “traditional’

Men in this group consume greater than the average amount of chicory, milk (1.3 times greater than the mean), cider (1.9
times greater) and tap water (1.2 times greater) and avoid fizzy drinks and aperitifs. They consume more chocolate (1.5 times
greater), bread, butter (1.5 times greater), honey or jam (1.5 times greater), biscuits, cakes (1.5 times greater), sweets (1.3
times greater), sugar (1.5 times greater), soup (1.3 times greater), green salad, mixed salad, pulses (1.3 times greater),
potatoes (1.3 times greater), pasta and eggs (1.3 times greater), and avoid sandwiches and cereals.

Group 3: ‘hedonistic’ and ‘modern’

Men in this group are greater than the average consumers of coffee (1.2 times greater than the mean), fizzy drinks (2.1 times
greater), mineral water, fruit juice and alcoholic beverages, especially wine (1.3 times greater), brandies (2.6 times greater)
and liqueurs (1.9 times greater). They are greater consumers of sweeteners (1.6 times greater), meat (1.2 times greater),
poultry (1.2 times greater), fish, cooked pork meats (1.4 times greater), sandwiches (1.9 times greater), pastries (1.6 times
greater), and cakes, and they avoid chocolate, honey and jam.

Group 4: *hedonistic’

Men in this group are greater than average consumers of coffee (1.2 times greater than the mean) and alcoholic beverages,
wine in particular (1.4 times greater), and they avoid herbal and regular teas. They consume more meat (1.3 times greater),
cooked pork meats (1.5 times greater), potatoes (1.3 times greater), pasta, bread, butter (1.7 times greater), sugar (1.9 times
greater), sweets, pastrics, cakes and sandwiches (1.5 times greater), and they avoid cereals and yoghurts.

Group 5: ‘health conscious” and ‘modern’

Men in this group consume more than the average amounts of tea (1.7 times greater than the mean), herbal teas (1.7 times
greater), mineral water (1.2 times greater) and fruit juice (1.3 times greater), and they avoid all alcoholic beverages and fizzy
drinks. They consume more sweeteners, cereals (2.5 times greater), fruit (1.3 times greater), yoghurts (1.5 times greater),
cooked vegetables (1.3 times greater), mixed salad, green salad and fish and they avoid meat, cooked pork meats, potatoes,
sugar, butter, cakes, pastries, sweets and sandwiches.

Group 6: “health conscious” and “traditional’

Men in this group consume greater than the average amounts of chicory (1.7 times greater than the mean), tap water (1.3
times greater), chocolate (1.8 times greater), bread (1.2 times greater), honey or jam (1.5 times greater), sweets, fruit, green
salad, and soup (1.4 times greater) and avoid fizzy drinks and alcoholic beverages. sandwiches, cakes, pastries, and cooked
pork meats.

Group 7: ‘modern’

Men in this group consume greater amounts of sweeteners (1.8 times greater than the mean), more tea and mineral water and
cercals (1.3 times greater). They avoid bread, honey and jam, chocolate. biscuits, cakes, sweets, but also eggs. fruit, mixed
salad, cooked vegetables, soup and green salad.

Group 8 ‘neutral’

Men in this group do not show any particular dietary preferences. They avoid all alcoholic drinks, fizzy drinks, fruit juice
and sweeteners. They consume greater than the average amount of chicory (1.2 times greater than the mean), sugar and
butter.
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Summary

To characterise sun exposure behaviour over the past year and during
lifetime, a questionnaire was sent to the volunteers of the SU.VI.MAX
epidemiological study. A clustering analysis was conducted on the first
part of the questionnaire to select homogeneous groups of variables, then
Principal Component Analyses (PCA) were performed on these groups to
obtain scores. The same analysis was conducted on the lifetime data. Then
to study the relationship between the data from both parts, a PCA was
performed on all the scores. The three scores and the additional data from
the first part of the questionnaire showed a good relationship with the nine
scores and the additional data issued from the second part. The scores
developed may be used in cohort studies to study the relationship between
sun exposure, photoaging and the onset of skin cancers.

Keywords: Multiple logistic regression, Principal Component Analy-
sis, self-administered questionnaire, sun exposure, sun protection.

Introduction

Ultraviolet radiation 1s known to play a major role in the development
of skin cancers. Nevertheless, longer holidays, easier overseas travel and
the fashion for tanning have led to an increase in sun exposure during the

©2001 by Monduzzi Editore S.p.A. — MEDIMOND Inc. BX10C0137 1099
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Studies on specific objectives are regularly performed on the
SU VIMAX cohort, a8 SUN exposure behaviour study
or realised using the available data

Figure 1: Experimental scheme of the SU.VI.MAX. study

last fifty years. The SU. VL.MAX. (SUpplémentation en Vitamines et Minéraux
Anti-oXydants) [“Anti-oxidant vitamins and mineral supplementation”] study
is an experimental epidemiological nutritional intervention study looking
at the characteristic major chronic diseases of the industrialised nations [1-
2] (Figure 1). A questionnaire on sun exposure was developed and distrib-
uted to the 12735 volunteers participating in the SU. VI.MAX. study with
the aim of studying their sun exposure behaviour.

Materials and Methods

Eight dermatologists and epidemiologists contributed to the develop-
ment of the questionnaire, which is presented in two parts, the first relating
to sun exposure behaviour over the past year and the second to lifetime
sun exposure. The questionnaire was mailed to the cohort of volunteers in
February 1997. 70% of the questionnaires were returned in time for analy-
sis and 63% were used.

A three step statistical analysis [3] was performed using SAS® version
6.12 |4]. 1- A descriptive analysis of sun exposure behaviour was conducted
on male and female individuals in the different age group classes (UNIVARIATE
procedure, and FREQ procedure, option CHISQ). Then to study the effect
of gender, age and phototype on each of the questionnaire’s main questions,
a multiple logistic regression was performed (LOGISTIC procedure, option
RL). 2- In order to characterise the sun exposure of men and women, vari-
ous scores were produced. A typology of variables (VARCLUS procedure)
was first used to obtain homogenecous clusters of variables. A Principal
Component Analysis (PCA) was then performed on these groups of vari-
ables to produce scores (FACTOR and SCORE procedures). Cronbach’s
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coefficient alpha was then calculated for each of the scores to measure the
internal consistency (CORR procedure, option ALPHA). 3- To examine the
relationship between sun exposure over the past year and during lifetime, a
Principal Component Analysis was performed on all the scores obtained from
the two parts of the questionnaire and on some data which were not included
in the scores (PRINCOMP and PLOT procedures). The number of compo-

Table 1. Distribution of the individuals
Men Women
Age groups Age groups
45-49 50-54 55-60 35-39  40-44 4549 50-54 55-60

1) Exposure over the past year

Voluntary exposure 60% 54%  50% T%  74% 66% 62% 52%
If voluntary exposure

Tanning at the seaside 3%  67%  64% %  13% 65% 64% 68%
Tanning in the mountains 24%  24%  19% 30% 27%  26% 25% 16%
Tanning in the city 13%  12% 14% 2%  20% 19% 18% 16%
Tanning in the country 9% 51%  52% 50%  54%  53%  S54%  4T%
Tanning in a very sunny region 22% 25% 24% 2% 2% 23% 23% 2%
Tanning between 11 a.m. and 4 p.m. 49% 49%  47% 44%  48%  49%  44%  44%
Duration of exposure > 2h daily 3%  33% 31% 30% 28% 28% 25% 22%
Use of sun protection product 0% 63% 57% 90% 91% 90% 88% 85%
Gradual exposure 79%  79%  81% 80% 79% 82% 83% 83%
All the sample

Sunburn during the year 48% 41%  32% 52% 46% 39% 35% 26%
Stay in a foreign country (> 1 month) 4% 3% 5% 2% 2% 2% 3% 4%
Use of other protections 2% 3%  76% 7% 78% 4% 8% 78%
Naturism (nudism) 8% 7% 7% 7% 7% 7% 6% 5%
UV tanning sessions 2% 1% 1% 6% 7% 5% 3% 1%

2) Lifetime sun exposure

Voluntary exposure 54%  51%  51% 67% 68% 69% 70% 63%
If voluntary exposure

Tanning between 11 a.m. and 4 p.m. 60% 63%  56% 59%  62% 60% 59%  55%
No use of sun protection product 13% 14% 15% 4% 3% 4% 3% 4%
Regular use of sun protection product 20% 18% 17% 43% 45% 42% 42% 44%
Gradual exposure 7%  76%  84% T6% 75% 76% 79% 83%
All the sample

Use of other protections 76%  18%  79% 81% 79% 78% 82% 82%
Sunburn during childhood 90%  86%  84% 83% 79% T7% 4% T70%
Sunburn as an adult 92% 88% 87% 92%  90% 90% 88% 85%
Naturism (nudism) 11% 9% 9% 9% 11% 9%  10% 7%
UV tanning sessions 8% 8% 6% 26% 26%  23%  19% 17%
Stay in a sunny country (> 3 months)® 18%  26%  39% 1%  13% 12% 15% 15%
Outdoor occupation 19% 23% 24% 7% 7% 6% 9% 9%
Mountain sport in the sun 39%  38%  34% 39%  39%  36% 37% 30%
Nautical sport in the sun 24%  26%  26% 18% 18% 16% 18% 20%
Hobby in the sun 59%  60%  04% 40% 40% 45% 48%  S50%

*The percentage of men of 50 to 60 years of age who stayed in a very sunny country for more than 3 months
is very high, since many of them were in the Algerian war (1956-1962).
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nents retained was determined using the scree test and the proportion of explaimned
variance by each axis.

Results
1- Description of sun exposure behaviour

The distribution of the individuals according to the questionnaire’s main
questions was performed on 3259 men and 4825 women (Table 1). The effect
of age, gender and phototype was tested on each of the main questions using
multiple logistic regression. In order to study the effect of gender, only women
aged between 45 and 60 years were included in the analysis so that age groups
were comparable to those for men (Table 2). The darkest phototype (IV-VI)
individuals were significantly more likely to report the voluntary exposure
over the past year and during lifetime, as well as women and persons aged
45 to 54. Among the individuals who reported voluntary exposure over the

Table 2. Adjusted odds ratios for gender (Men: AOR=1), age (55-60 years: AOR=1),
and phorotyvpe (phototype IV-VI: AOR=1); AOR, Adjusted Odds Ratio; CI, Confidence
Interval; * Wald test P-value <5%

Multivariate Model
Female 45-49 years 50-54 years Phototype I-IT __ Phototype I11a-11Tb
AOR (95%CI)  AOR (95%CI) AOR (95%CI) AOR__(95%CI) _AOR__ (95%CI)

1) Exposure over the past year

Voluntary exposure ¥4 1.2-16 *.6 14-1.9 *13 1I-15 0.4 03-0.6 0.6 0.6-0.7
If voluntary exposure
Tanning at the seaside 09 08-10 1.I - 09-13 09 07-1.2 0,6 04-1.1 0.9 0.7-1.0
Tanning in the mountains 1.0 09-1.2 .y 1322 *17 1321 13 0723 1.0 0.8-1.2
Tanning in the city *1.6 1320 1.2 09-1.5 1.1 0814 13 0.7-2.6 *0.8  0.6-1.0
Tanning in the country 1.0 09-12 1.0 09-1.2 1.1 09-1.4 1.4 0824 1.0 0.8-1.1
Tanning in a very sunny region 1.0 08-1.2 1.0 08-1.2 09 0.7-1.2 0.7 04-14 08 07-1.0
Tanning between 11 a.m. and 4 p.m. 09 08-1.1 1.2 1.0-14 1.1 09-1.3 *0.5 03-0.8 *0.7 06-0.9
Duration of exposure > 2h daily *0.7  0.6-08 1.2 1.0-15 1.1 09-1.5 *04 0209 *0.8  0.7-09
Use of sun protection product *37  3.1-46 1.7 14201 *13 1I-17 1.8 09-39 *¥13 LI-16
Gradual exposure *.1 0 09-13 08 06-1.0 0.8 0.6-1.1 20 09438 *1.3 Ll-1.6
All the sample
Sunburn during the year *0.7 0608 ¥19 1722 *15 12-17 *l.7 1225 *#13 LI-L§
Stay in a foreign country (> Imonth) 0.6 04-09 *0.5 03-08 *0.5 03-0.8 08 0234 0.8 0.5-1.2
Use of other protections 1.1 09-13 0.8 0.7-1.0 09 07-1.2 1.6 0.8-3.1 *.3 11-16
Naturism (nudism) 09 0.7-1.1 *1.4  1.0-1.8 1.2 09-1.6 *04  02-1.0 *.5 0406
UV tanning sessions 28 1.8-44 *3.0 1.7-54 14 0727 1.6 0.6-4.7 1.2 08-19
2) Lifetime sun exposure
Voluntary exposure *2.0 1823 *1.2 1.1-14 1.1 1.0-1.3 *04 03-05 *0.7  0.6-0.8
If voluntary exposure
Tanning between |la.m. and 4 p.m. 1.0 08-1.1 1.2 1.0-14 1.2 1.0-1.5 06 04-1.1 08  07-09
No use of sun protection product *0.3  02-04 , 0.6-1.1 0.9 06-1.2 02 00-1.2 *06 04-08
Regular use of sun protection product *32  2.7-38 1.0 08-1.2 09 08-1.2 6 2067 *12 1.0-14
Gradual exposure 1.0 08-1.1 *0.6 0.5-08 *0.7  0.5-0.9 0 1275 %12 101§
All the sample
Use of other protections 1.1 1.0-13 *0.8  07-1.0 0.9 08-1.1 ¥2.1 1235 *14 1.2-16
Sunburn during childhood *03  03-04 *16 13-19 1.2 10-14 *38 2.1-68 *¥22 1825
Sunburn as an adult *0.7  0.6-0.8 *17 13421 1.2 09-1.5 *¥23 1245 *¥2.0 1724
Naturism (nudism) 09 0.7-11 1.3 1.0-1.6 1.2 1.0-1.6 0.7 03-1.3 .7 0.6-09
UV tanning sessions *32 2738 *.5 12-18 1.2 10-15 09 05-1.5 1.0 08-12
Stay in a foreign country (> 3months) *04  04-05 *0.5 04-06 *0.7 06-0.8 0.9 06-1.4 1.0 0.8-1.1
Outdoor occupation *¥0.3  0.3-04 *0.7  0.6-09 0.9 08-1.1 0.7 04-1.2 *0.8  07-1.0
Mountain sport in the sun *09 08-1.0 *1.2  LI-14  *12 1.0-14 08 0.5-1.1 1.1 09-1.2
Nautical sport in the sun *0,7  0.6-0.8 0.9 0.7-1.0 1.0 09-1.2 08 035-13 0.9 08-1.0
Hobby in the sun ¥0.6  0.5-0.6 *0.8 0709 09  0.8-1.1 0.8 0.6-1.2 09 08-1.0
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past year, women were about 4 times as likely to report using sunscreen than
men, the use of sun protection products decreased as phototype darkened,
and persons aged 55 to 60 were less likely to report the use of sun protection
products. Among persons who reported voluntary exposure during lifetime,
women were about 3 times as likely to report regularly using sunscreen than
men, and the fairest phototype (I-1I) were about 4 times as likely to report
regularly using sunscreen. Men were significantly more likely to report sunburn
during the year, during childhood, and as an adult, as well as youngest and
fairest phototype individuals.

2- Characterisation of sun exposure

For the sun exposure over the past year, three scores were produced.
Cronbach’s coefficients indicated good internal consistency of these scores
(Table 3). For lifetime sun exposure, nine indicators were produced. As
the terminology of sun protection indices and the sun protection products
themselves have changed over time, it was impossible to have a precise

Table 3. Scores for sun exposure over the past year (Cronbach’s a)

Sunburn experienced over the past year (Cronbach's a=0.75)

Score=-0.68  +0.75 If the individual suffered sunburn during the year
+1.08 If the number of sunburns is greater than 5 during the year
+0.96 1f the most severe sunburn was more severe than simple redness
+0.93 If the skin peeled after a sunburn

Sun protection over the past year (Cronbach's a=0.84)

Score=-0.79  +0.49 If a protective product was used while getting a suntan
+0.55 If a protective product was used throughout the period of exposure
+0.54 If a protective product was applied regularly several times a day
+0.57 If a product with a SPF* rating of over 15 was used for the face
+0.59 If a product with a SPF rating of over 15 was used for the body
+0.52 If a protective product was used outside of the exposure period

Intensity of sun exposure over the past year (Cronbach's a=0.69)

Score=-1.13  +0.17 If tanning was done at the seaside between 1 and 9 days
+0.31 " between 10 and 20 days
+0.5] ! more than 20 days
+0.28 If tanning was done in the city between 1 and 9 days
+0.43 ! between 10 and 20 days
+0.56 " more than 20 days
+0.20 If tanning was done in the country between | and 9 days
+0.32 2 between 10 and 20 days
+0.46 " more than 20 days
+0.32 If tanning was done in the mountains between | and 9 days
+0.40 " between 10 and 20 days
+0.46 ! more than 20 days
+0.21 If sun exposure lasted 2 hours or less per day
+0.50 . more than 2 hours per day
+0.49 If exposure involved body and face
+0.50 If exposure was between 11 a.m. and 4 p.m.
+0.54 If the subject feels that he or she was moderately or greatly exposed
+0.39 If sunbathing is important or very important

* SPF: sun protection factor
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estimation of lifetime sun protection, therefore a unique question was used
to evaluate lifetime protection globally.

Here again, Cronbach’s coefficients were satisfactory for all the scores
(Table 4).

Table 4. Scores for lifetime sun exposure (Cronbach’s a)
Intensity of lifetime sun exposure (Cronbach's a=0.80)

Score =-1.34  +0.64 If in the habit of voluntary sun exposure
+0.60 If the body and face were exposed
+0.58 If the exposure was between 11 a.m. and 4 p.m.
+0.48 If the subject feels that he or she was moderately or greatly exposed
+0.52 If sunbathing is important or very important

Sunburn experienced during childhood (Cronbach's 0=0.79)

Score=-1.73  +0.86 If a sunburn occurred during childhood
+0.46 If the sunburn occurred every summer time during childhood
+0.69 If the most severe sunburn during childhood was more than a simple redness
+0.78 If the skin peeled after a sunburn during childhood

Sunburn experienced as an adult (Cronbach's «=0.69)

Score =-2.24  +1.17 If a sunburn occurred in adulthood
+0.47 If the sunburn occurred every summertime in adulthood
+0.80 If the most severe sunburn in adulthood was more than a simple redness
+0.89 If the skin peeled after a sunburn in adulthood

Practice of naturism (Cronbach's 0a=0.63)

Score =-0.30  +1.34 If naturism is practised
+1.64 If naturism is practised several weeks per year
+1.79 If the number of years that naturism has been practised is > 10 years *

UV tanning session (Cronbach's a=0.85)

Score =-0.38  +1.29 If the subject engages in UV tanning sessions
+2.89 If the subject engages in UV tanning sessions regularly
+1.84 If the number of years of UV tanning is > 2 years *

Practice of mountain sport in which sun exposure is particularly great (Cronbach's a=0.84)

Score =-0.65  +0.82 If the subject engages in a mountain sport where sun exposure is particularly great
+1.00 If the number of days of sports activities is > 200 days *
-+0.94 If the subject still engages in that sport

Practice of nautical sport in which sun exposure is particularly great (Cronbach's a=0.83)

Score=-0.43  +1.01 If the subject engages in a nautical sport where sun exposure is particularly great
+1.31 If the number of days of sports activities is > 400 days *
+1.29 If the subject still engages in that sport

Practice of hobby in which sun exposure is particularly great (Cronbach's «=0.86)

Score =-0.88  +0,80 If the subject engages in a hobby where sun exposure is particularly great
+(.79 If the number of days of hobby activities is > 900 days *
+0,80 If the subject still engages in that hobby

Practice of an occupation where sun exposure is particularly great (Cronbach's «=0.83)

Score =-0.29  +1.03 If an outdoor occupation is practised where sun exposure is particularly great
+1.24 If the number of days that the 1* occupation was practised is >1000 *
+2.09 If the number of days that the 2™ occupation was practised is >1078 *
+1.07 If in the first occupation there was sun exposure between 11 am. and 4 p.m.
+1.76 If in the second occupation there was sun exposure between 11 a.m. and 4 p.m.

* For the variables, estimating a duration of the distribution's median was used as a threshold for dichotomization
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3- Relationship between sun exposure estimation over the past
year and during lifetime

A Principal Component Analysis was performed on the 12 scores is-
sued from the 2 parts of the questionnaire and on some additional data
which were not used in the scores. The first six components accounted for
49% of total variance. A graphical display was produced by using the two
first components as an axes system (Figure 2). The first component is a
measure of the intensity of sun exposure, the use of sun protection prod-
ucts and the gradual sun exposure over the past year and during lifetime.
The second component represents the use of other methods of sun protec-
tion over the past year and during lifetime, in relation with sun exposure
avoidance.

The scores and the additional data from the first part of the question-
naire show a good relationship with the scores and the additional data
from the second part of the questionnaire. For example, the score for
“intensity of sun exposure over the past year” is linked to the score for
“intensity of sun exposure during lifetime”. Similarly, the gradual sun
exposure over the past year is linked to the gradual sun exposure during
lifetime.

The data which were not included in the scores, i.e. gradual sun expo-
sure, other sun protection and use of sun protection products during life-
time, also contributed substantially to the components and hence to the
characterisation of sun exposure behaviour.

2nd compenent

0.80 7
OTHER SUN PROTECTION: LIFE
A OTHER SUN PROTECTION: YEAR

0.60

0.40 SUNBURN AS AN ADULT

A SUNBRN: CHILDHOOD
A SUNBURN vEAR A USE OF SUN PROTECTION PRODUCTS: YEAR

A REGULAR USE OF SUN PROTECTION PRODUCTS: LIFE
0.20 1 A GRADUAL SUN EXPOSURE: YEAR
MOUNTAIN SRORT: LIFE A SUNNY AREAS: YEAR A GRADUAL SUN EXPOSURE: LIFE

o AUTICAL SPORT: LIFE QUITE OFTEN USE OF SUN PROTECTION PRODUCTS: LIFE

HoBBY: V. SESSIONS: LIFE

- &—p U.V. SESSIONS: YEAR - : ——— RSO
020 SUNNY COUNTRY: YEAR 060 1.00

0.80
ASUNNY NTRY: :
A SUi COUNTR' UFENATUR/SM. LIFE A INTENSITY OF SUN EXPOSURE: YEAR

QUTDOOR PROFESSION: LIFE
.0.20 A NATURISM: YEAR A INTENSITY OF SUN EXPOSURE: LIFE

A USE OF SUN PROCTECTION PRODUCTS FROM TIME TO TiME: LIFE
A NEVER USE OF SUN PROTECTION PRODUCTS: LIFE

ALIFETIME AOVER THE PAST YEAR

Figure 2: First factorial plane of the Principal Component Analysis
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Conclusions

This study illustrates the various stages in the construction of scores
based on qualitative data. Scores or indicators of this type are widely used
in medical contexts to provide a quantitative measure of the phenomenon
under study before proceeding to a more detailed analysis. The data also
enabled the description of the sun exposure and protection behaviour of
individuals participating in the SU.VI.MAX. cohort as well as the identi-
fication of differences in behaviour between men and women, and be-
tween younger and less young subjects with respect to the degree of sun
exposure and the use of sun protection. The relationship identified be-
tween the use of protective products and the susceptibility to sunburn
provides a good illustration of the difficulty of interpreting the link be-
tween photo-protection and the incidence of photo-induced dermatological
pathologies. This study enabled the construction of quantitative indicators
of sun exposure and protection behaviour. The results of this analysis will
be used in the study of the relationship between sun exposure, photo-
ageing and the incidence of skin cancers in the SUVI.MAX. cohort.
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ABSTRACT

Phototype classifications were initially developed in an
attempt to predict the skin reactions of patients to photo-
therapy and are now widely used to advise individuals with
regard to sun protection. A transversal study was conducted
on the SU.VLMAX cohort to estimate the frequency of sun-
reactive skin features in a large, general adult population-
based sample, and to describe the associations between these
features. The data were collected 3 vears after the beginning
of the SUNVLMAX nutritional intervention study on 4912
volunteers (2868 women aged 35-60 vears and 2044 men aged
45-60 years). A multiple correspondence analysis was
performed to study the associations between the features.
The results showed that these features correspond to a one-
dimensional phenomenon. which allowed us to establish a score
to summarize skin sensitivity to sun exposure. Furthermore,
we found a link between gender and phototype using the
Césarini classification (phototype > IV: 37% of women, 47%
of men). The analysis of the relationship with sun-reactive skin
features and the score revealed the same trend. Phenotypic
evaluation appears to be a good estimator of skin sensitivity to
sun exposure for clinical screening or for use in research, and
is easy to collect at a lower cost. Moreover, the sun sensitivity
difference between gender should be considered in education
ahout photoprotection.
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supplements (in French, SUppléments en Viiamines et Minéraux Anti-
oXydant)

@ 2005 Amencan Society for Photobiology  0031-8655/05

INTRODUCTION

The concept of a sun-reactive skin type has been widely used
among dermatologists. Recently, this concept has generated
controversy in large part because of its subjectivity and ambiguities
in its definition (1,2). Propensity to redden after sun exposure,
constitutive and facultative skin pigmentation, and pigmentation
of hair reflect polygenetic inheritance (3.4). These features are
commonly used in epidemiological studies to assess sun sensitiv-
ity and to estimate an individual’s ability to resist UV damage (5).
However, repeated sun exposure may modify transitorily sun sen-
sitivity, as adapted subjects can respond more like higher photo-
types than nonadapted subjects of the same original phototype (6).
Moreover, freckles and history of sunbum are linked to an indi-
viduals® sun sensitivity and behavior (7).

The phototype classification, which is indicative of the skin’s
natural protection against the sun, was proposed in the mid-1970s
by Fitzpatrick (5) in order to produce a simple tool to help with
the dosing of UV therapy for certain skin diseases. lts use was
subsequently extended to assess the individual risk of sunbum and
to define the principles of suitable protection (5). The phototype
classification used in the present study was initially proposed by
Césarini in 1977 (8). It is based on two dynamic skin reactions after
sun exposure that are also used in Fitzpatrick’s classification (ie.
the frequency of sunburn and the degree of tanning) and on three
phenotypic features (i.e. the skin color in winter, the natural hair
color at the age of 20 and the number of freckles). Combinations of
these features led to an eight-class typology. However, individuals
rarely have all of the features defining a class. and an expert’s
decision to place a subject into one class and not into another is to
some extent a subjective one (9,10).

The aim of the present study was therefore to estimate the
frequency of sun-reactive skin features used to determine Césarini
phototype from a large French adult population sample. and to in-
vestigate the links between these features. Furthermore, we studied
their relationships with gender and geographic location.

MATERIALS AND METHODS

Study design. The SUVIMAX study (SUppléments en Vitamines et
Mineraux Anti-oXydants—antioxidant vitamin and mingeral supplements) is
an experimental epidemiological study of nutritional intervention conducted
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Table 1. Sun-reactive skin type classification (Césanni classification) Table 2. Dismbution of sun-reactive skin features and phototype
according o gender
Sun-reactive skin featres
Gender®
Matural Sun-reactive
hair color  Skin color Sunburn event  Sun Lan skin features Women Men Total sample
at age 20 in winter  Freckles frequency inlensity  Phototype and phototype (%) n = 2868) n = 2044) n =4912)
White Albine  No Always No 0 Hair color
Red Whitish  Frequent  Always No 1 Red 1§ 1 1
Blond Light Frequent  Always Slight 11 Blond 9 7 8
Blond Light Some Frequent Light/dark a Chies it 67 60 64
Chesmut Darkish ~ Some Frequent Light/dark ik Brown 22 30 25
Brown Darkish  No Rare Dhark ¥ Black 1 2 2
Brown Darkish  No Exceptional  Very dark \% . )
Black Black  No No Black VI Skin color
Whitish 28 1 2
Light &0 50 56
Darkish 38 449 43
in France that swdies the main chronic disorders prevalent in industrialized Frocklest
countres and involves 4 large sample of men and women across the country -
(11}, The study objectives, design, and population characteristics have been rt‘ln 2% 78 13
described elsewhere (12). Briefly, the SUVLMAX study is a randomized, b‘nmc 23 5 o
double-blind, placebo-conirolled primary prevention tnal designed 1o test Frequent 3 3
the efficacy of a daily supplement with antioxidant vitamins and minerals al Sunburn event frequency
nutritional doses (6 mg beta-carotene, 120 mg vitamin C, 30 mg vitamin E, No 5§ 4 5
20 mg zine and 100 pg seleniumyday) in reducing the main causes of Exceptionalfrare A6 54 50
premature death conducted in a free-living adult population sample, Frequent 17 33 15
After a national multimedia campatgm in 1994, about 80 000 subjects who Always 12 9 10
sought 1o paricipate were requested to complete a questionnaire on de- %
mographic, lifestyle, nutriional and present and past health information, Sun tan mtensity
To be eligible, the subjects had to (1) provide complete data; (2) be in the No 1% 0 1
selected age range; (3) declare themselves free of any severe pathology; (4) Slight 33 21 28
not be taking supplements containing any of the studied vitamins or Light 31 28 29
minerals; (5) manifest no qualms about complying with the protocol con- Dark a5 49 4
straints and (6) express no ambiguous motivation or obsessional behavior Very dark 0 1 1
concerning diet and health. The recruitment began in October 1994 and Césarini pholotyne
ended i April 1995, Eligible subjects (12741; women aged 35-60 years, Feariai pholotype]
men aged 45-60 years) were recruited according to gender, age group, I 0§ 0 0
smoking habits and geographic location. They were randomly meluded and 1L 3 - 2
were followed-up for 8 years (13) The framework melating to markers It 13 t} 10
applicable o the SU.VIMAX population offers the opportunity to study the 111_b 48 45 47
sensitivity of human skin Lo sun exposure. 1\{\-’ 3‘1’ 3: 3';

The SUVLMAX study was approved by the ethical commuttee for studies
with human subjects (CCPPRB No. 706) of Paris-Cochin, and the “Comité
National Informatigue et Liberd™ (CNIL No. 334641), which advocates that
all medical information be confidential and anonymous, All panicipants
provided an informed consent,

Study sample. During the first medical examination of volunteers,
performed in 1996, investigators traned by a senior dematologist deter-
mined pholotype using an attribution rule proposed by Césanni in 1977
(Table 1) Unfortunately, the individual sun-reactive skin features were not
collected at this time; only the resulling classifications were collected.
Theretore, these features were collected by the same myestigators dunng the
second elinical examination in 1998, However, due 1o budget constraints,
this research could be conducted only on a subsample of the cohort. To have
a satisfactory profile of the distribution of sun-reactive skin features in the
French population, 4922 individuals were sampled according to French
regions among the volunteers of the cohort. Furthermore, in order W inves-
tgate an eventual regional effect, the regions were arbitrary grouped into
four major geographic locations: (1) west and nothwest; ( 2) northeast, east-
centrul, and lle-de-France: (3) southwest; and (4) Rhone-Alpes-Auvergne
and Meditermnean.

In the classification proposed by Césarini, the sunbum event frequency
feature s quantified into five categones (Table 1). Dunng their training. the
imvestigators declared they were unable to make 4 clear distinetion between
“exceptional” and “rare.” Therefore, it was decided to consider these two
levels as just one category. On the other hand, a technical problem occurred
during the data computenzation process for the variable that described the
freckles of 890 volunteers; consequently, this information was definitively
lost for these mdividuals, Moreover, due o their extreme rareness in our
sample, seven black-skinned individuals and three premature white-haired
individuals at age 20 (premature graying reported o be mheriled noan
autosomal dominant pattem) (14) were exeluded from the analysis.

#Due to missing data, values do not always add up 1o 2044 for men or
to 2868 for women,

fDue to missing data, the skin feature “freckies™ was available for only
4022 volunteers,

JPhototype was determined in 1996 for only 4274 of the 4912 volun-
LeCEs.

§Significant association between cach feature and gender (chi-square Lest:
P < 0.0001).

The skin color of an additional subsample of 545 women was measured
using a Minolw CM2600d spectrocolonmeter (Osaka, Japan) in standard-
ized environmental conditions: room temperature (mean = 8D} 21°C = 3%
relative humidity 37% = 5%. The skin color was expressed in the L*a*b*
color space (15) (L* corresponding to the bnghtness, a®* to the red intensity
and b* 1o the yellow intensity). Moreover, individual typological angle
(ITA®), which combined L* and b* measurements, was caleulated for cach
dividual (16},

Statistical analyses. All statistical analyses wene performed using SAS®
software release 82, (17). A descriptive analysis of sun-reactive skin fea-
tures and Césarmi phototypes determined in 1996 was first pedormed for
both genders (FREQ procedure, option CHISQ). Moreover, to test a possible
effect of geographic location, the frequency of sun-reactive skin features
and phototypes determined using the Césarini classification in 1996 was
described as follows: nonh versus south, and west versus cast (FREQ
procedure, option CHISO). Mean values were compared using analysis
of variance and the Tukey test (UNIVARIATE procedure, and GLM
procedure with the Tukey option), and associations between quantitative
vanables were assessed by Pearson correlation coefficient (CORR pro-
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Table 3. Distribution of sun-reactive skin features and phototype
according to geographic location

Table 4. Distribution of sun-reactive skin features according to Césarini
phototype

Geographic location™

Sun-reactive

Césarini phototype

Sun-reactive

skin features West East North South skin I 11 Ma 11Ib v v
and phototype (%) (n = 2254) (n =2639%) (n=2751) (n=2142) features (%) 0.3%) (2.2%) (10.8%) (46.4%) (342%) (6.1%)
Hair color Hair color

Red 1§ 1 1§ 1 Red 64% 4 2 1 0 0

Blond 8 9 8 9 Blond 0 41 29 7 2 0

Chestnut 68 61 61 Chestnut 36 53 59 72 59 44

Brown 22 28 23 28 Brown 0 1 10 19 35 52

Black 2 1 2 1 Black 0 0 0 1 3 3
Skin color Skin color

Whitish 1§ 2 2§ 0 Whitish o# 3 3 1 1 1

Light 63 50 61 49 Light 82 89 75 67 38 13

Darkish 35 49 30 51 Darkish 9 7 22 31 61 86
Frecklest Freckles

No 63§ B3 70§ 79 Absent 20% 49 6l 71 85 8O

Some 30 17 25 20 Some 80 50 35 26 13 10

Frequent 7 0 5 | Frequent ] | 4 3 2 |
Sunburn event frequency Sunburn event frequency

No 2§ 7 38 7 No [ 1 4 3 7 16

Exceptional/rare 55 45 53 46 Exceptional/rare 18 9 22 39 59 75

Frequent 34 36 35 35 Frequent I8 47 51 45 22 )

Always 9 11 9 12 Always 64 43 22 13 3 2
Sun tan ntensity Sun tan intensity

No 0§ 1 1§ 0 No [ 8 1 1 0 0

Slight 29 27 30 26 Slight 45 63 47 34 16 ]

Light 24 34 26 34 Light 45 28 33 24 24 12

Dark 46 37 42 40 Dark 9 1 19 30 58 B2

Very dark 1 0 1 0 Very dark 0 0 0 1 1 1
Césarini phototypef

*The underlying hypotheses of the chi-square test are not valid, therefore

1 0§ 0 0§ 0 N X : .

1 1 3 2 3 ."i values from the' Fisher exact test were estimated using a Monte

Ila 7 13 g 12 Cardo method (P < 0.001).

IIb 49 44 47 46

v 35 34 38 30 . X

\Y 7 6 5 q and creamy skin, and dark and very dark tan were grouped together before

*Due to missing data, values do not always add up to 2254 for the west,
2639 for the east, 2751 for the north and 2142 for the south of
France.

FDue to missing data, the skin feature “freckles™ was available for only
4003 volunteers.

fPhototype was available for only 4269 volunteers.

§Significant association between each feature, prototype and geographic
location (west versus east, and north versus south) (chi-square test: P
= 0.0001).

cedure). The relationships between sun-reactive skin features were studied
using univariate methods (FREQ procedure, option CHISQ; or, when
underlying hypotheses were not valid, P values from the Fisher exact test
were estimated using a Monte Carlo method (18)) and also with multiple
correspondence analysis (MCA) (CORRESP procedure).

MCA is a factor analysis method. The aim of factor analysis methods is to
reduce the multidimensionality of the data by summarizing a set of
categorical variables into a small number of varables called principal
components. The principal components are defined as linear functions of
dummy variables that describe the wvarious categories of the features,
weighted according to their relative importance (19-21). These weights
associated with the various categories are called the loadings. The loading of
a particular category is equal to the average of the principal component for
the individuals who present this category, up to a multiplicative constant. To
avoid the relationships between frequent categories of the variables to be
hidden by rare categories, an essential thing that must be performed before
carrying out an MCA is, for each variable, to group a rare category with
another category. Therefore, red and blond hair, brown and black hair, light

performing the MCA.

Finally, a loading plot was obtained using the loadings related with the
first two principal components from the MCA. This two-dimensional
graphical display shows the associations of the categories of the features.
Moreover, the relationships between these features and several supplemen-
tary variables—such as gender and phototype determined using the Césarini
classification—were illustrated by locating the centroid of each category for
each supplementary variable on the same graphical display. To describe the
uncertainty of the centroid of each category of the features and of the
supplementary variables, 95% confidence ellipses were added on the figure,
which shows the associations between the teatures (22).

With regard to the age differences at inclusion in the female and male
groups, we checked that comparable results were obtained using the same
analysis applied on restricted subsamples for similar age ranges (data
available on request).

RESULTS

Significant associations were found between each sun-reactive skin
feature and gender (Table 2): 23% of women have brown or black
hair at 20 years of age compared with 32% of men, 38% of women
have darkish skin compared with 49% of men, 12% of women
reported they always burn after sun exposure compared with 9% of
men and 35% of women reported they achieve a dark or even very
dark tan compared with 50% of men. Moreover, 37% of women
had phototype =1V according to the Césarini classification com-
pared with 47% of men. Significant associations were found
between each sun-reactive skin feature and geographic location
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Table 5. Association of sun-reactive skin features (percentage)
Sunbum event frequency Sun tan intensity
Skin color Freckles

Sun-reactive Exceptional Very
skin features (%)  Whitish Light Darkish Absent Some Frequent No or rare Frequent Always No Slight Light Dark dark
Hair color

Red 14* 69 17 20* 66 14 o 11 39 50 3t 47 42 8 0

Blond 3 75 7 64 32 4 3 45 18 1 38 39 z2 0

Chestnut | 61 37 74 23 3 4 48 37 10 0 31 31 37 0

Brown 1 37 62 82 17 1 8 58 27 7 1 I8 24 56 1

Black 0 20 82 B0 16 5 12 71 15 3 0 16 4 76 4
Skin color

Whitish 64* 35 1 o 23 46 31 4 51 28 17 0

Light 65 30 5 36 46 15 1 43 35 21 0

Darkish 87 12 1 8 69 21 3 0 8 ) 68 |
Freckles

Absent TE 55 30 7 I* 26 27 46 1

Some 3 36 47 18 | 42 31 26 0

Frequent 1 53 42 3 2 48 1 49 0
Sunburn event frequency

No 151 S I | 20 62 ]

Exceptionalfrare ] 16 23 a0 1

Frequent 1 40 38 22 0

Always 3 53 35 9 0

*Significant association between each pair of features (chi-square test: P << 0.001).
tFor that pair of features the underlying hypotheses of the chi-square test are not valid, therefore the P value for the Fisher exact test was estimated us-

ing a Monte Carlo method (P < 0.001).

(Table 3): for example. darkish skin color seems more frequent in
castern France (49 %) compared with that in westem France (35%),
and more frequent in southern France (51 %) compared with northem
France (36%); and freckles are more frequent in the west (37%)

/)

Rediblend Hair

o sunbum

{a

Always Sunburn

wn black hair

nt Freckles

Women bﬁ‘ Tisaht tan

%Lw‘r BN @ o
1k

urm

isish complexion
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Fraquant sunburm
@
D oe

hesnut hair

Figure 1. Loading plot of the associations between sun-reactive skin
features (red &) with Césarini phototypes determined during the 1996
survey (dark blue &) and genders (dark blue M) used as illustrative
variahles. This map shows a U-shaped configuration centered approxi-
mately at the origin. This shape, called a Guitman effect, which is depicted
by an arrow, suggests a prmarily unidimensional phenomenon. The
features are ranked from the lefi to the right pants of the map according to
their increasing implication in skin sensitivity to sun exposure. Ninety-five
percent confidence ellipses describe the uncertainty of the categories of the
features (red ellipses) and of the illustrative variables (blue ellipses).

compared with the east (17%), and more frequent in the north (30%)
compared with the south (21%). The distribution of individuals
among the Césarini phototype was as follows (Table 4); 0.3% in
phototype I, 2.2% in phototype I1. 10.8% in phototype [1Ia, 46.4% in
phototype IIIb, 34.2% in phototype IV, and 6.1% in phototype V. As
expected. significant associations between each sun-reactive skin
feature and Césarini phototype, and also between each pair of
features were found (Table 4 and Table 5. respectively).

MCA allowed the construction of two principal components that
best summarized sun-reactive skin features: the first component
accounting for 23.7% of the total inertia, and the second for 12.1%.
The loading plot, which shows the associations between the features
reveals a U-shaped configuration centered approximately at the
origin (Fig. 1). This shape, called a “Guttman effect,”” which is
depicted by an arrow on the figure, suggests primarily a one-
dimensional phenomenon. The features are ranked from the left to
the right part of the map according to their increasing implication
in skin sensitivity to sun exposure. The range of sun protection
extends from fair-skinned individuals with blond hair who
systematically bum to achieve a light or even only a slight tan, to
dark-skinned individuals with brown or black hair who never burn,
resulting in a dark or even a very dark tan.

In Fig. 1. the centroid of each Césarini phototype is sur-
rounded by the features that characterize each phototype. Notice
that the centroids for Césarini phototypes are also ordered according
to a U-shaped configuration. Furthermore, the centroid for men is
placed on the left of the map and for women on the right according
to their respective link with skin sensitivity to sun exposure. Ninety-
five percent confidence ellipses show that the uncertainty of the
centroids of the categories of the skin features and of the gender is
small, whereas the uncertainty of the phototypes is uneven and
remarkably large for phototypes T and IL
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Table 6. Formula for calculating the skin sensitivity to sun exposure
score™

Table 7.  Descriptive analysis of the skin sensitivity to sun exposure score
according to Césarini phototype, gender and geographic location

Sun-reactive Score
skin features Categones Coefficient  calculationt
Hair color Red/blond +1.16
Chestut .20
Brown/black -0.87
Skin color ‘Whitish/light +(1.83
Darkish =1.02
Freckles Absent ~(.34
Some/frequent +1.01
Sunburn event frequency No -1.23
Exceptional/rare —0.67
Frequent +.78
Always +1.45
Sun tan intensity No/slight 109
Light -+0.30
Dark/very dark ~1.00
Constant +4.46 +4.46

Skin sensitivity 1o sun exposure score =

Skin sensitivity Lo SUnN eXposure score

No. of Mean (£ standard [95% Confidence
individuals deviation) interval]

Césarini phototype

1 1o 8.3 (1.8 [7.0-9.5]

I 76 8.0 (£1.4)* [7.7-8.2]

1 373 6.3 (2.0 [6.1-6.5]

I 1598 51 (£2.3P° [5.0-5.2]

v 1179 32 [3.0-3.3]

v 210 1.8 (=1.6° [1.6=2.0]
Gender

Male 1485 4.0 (£2.5)F [3.9-4.1]

Female 1961 4.8 (£2.5) [4.7-4.9]
Geographic location

West 1334 4.8 (£2.6)F [4.6-4.9]

East 2107 4.3 (£2.5 [4.2-4.4]

Naorth 1587 4.6 (X2.6)F [4.5-4.8]

South 1854 4.3 (£2.5) [4.2-4.4]

#The minimal score value, which corresponds to the lowest skin sensitiv-
ity, is equal to (), and the maximal score value, which corresponds to
the highest skin sensitivity, is equal to [0,

+For a particular individual, the value of the corresponding category must
be reported in the last column. Then the score is obtained by adding
to the constant the reported coefficient for each feature. For example,
an individual with blond hair, light skin color, some freckles, frequent
sunburns and light sun tan (1.16 + 0.83 + LOI + 0.78 + 0.30 +
4.46), obtains a score equal (o 8.54.

The Guttman effect suggests that the first principal component is
a good summary of sun-reactive skin features. Therefore, the first
principal component was used to synthesize these features into
a single factor, called skin sensitivity to sun exposure score. The
calculation of this score is given by a formula based on the first
principal component loadings transformed to obtain a minimal
score value equal to zero and a maximal score value equal to 10
(Table 6). A descriptive analysis of this new indicator is given
according to Césarini phototype. gender and geographic location
(Table 7). A significant link was found with Césarini phototype:
the higher the mean score (8.3 = 1.8), the fairer the phototype (I).
Moreover. a significant smaller mean score was found for women
(4.8 = 2.5) compared with that for men (4.0 = 2.5), and
significant links were also found for geographic location. with
a higher mean score for the north of France (4.6 = 2.6) compared
with the south (4.3 = 2.5), and for the west (4.8 = 2.6) compared
with the east (4.3 = 2.5).

This score was calculated for an additional subsample of 545
wormen participating in the cohort. It was positively correlated with
the brightness of the skin (L*, r = 0.28, P < 0.001), the yellow
intensity (b*, r =027, P < 0.001). and the individual typological
angle (ITA®. r = 0.34, P < 0.001) (data available on request).

Concerning potential effects of antioxidant supplements on the
skin features, we performed additional analyses that show that the
distributions of the features and phototypes were comparable in
placebo and antioxidant groups (data not shown) and that the mean
values of the skin sensitivity to sun exposure score were not found

*#Significant difference between the mean values (Fisher test: P < 0.001),
and multiple comparison with the Tukey test (a same letter indicates
a nonsignificant difference; different letters indicate significant differ-
ences).

+Significant difference between the mean values (Fisher test: P < 0.001),

to be significantly different in both groups (4.5 = 2.6 in the
placebo group versus 4.4 = 2.5 in the antioxidant group).

DISCUSSION

Here we have studied the relationship between each pair of sun-
reactive skin features used in the Césarini classification (8), then we
investigated the association between all features by MCA. This
method is commonly used to search for an optimal scaling of items
(in our case, optimal scaling of the categories of the features) for
a given set of variables (the sun-reactive skin features) by producing
optimal principal components. When the information contained in
the data addresses a one-dimensional phenomenon, the loadings
related to the first principal component summarize this phenomenon
perfectly well, and the loadings related to the next components are
polynomial functions of increasing orders of the loadings related to
the first component. Consequently, the graphical display, which
shows the relationships between the features, dramatically yields
a curvilinear line (23). This curve is called the Guttman effect,
referring to the Guttman scale: the first axis opposes extreme values,
and the second axis opposes intermediate values to extreme values
(24.25). This finding shows that the first principal component is
actually a good summary of the skin sensitivity to sun exposure, and
could enable us to synthesize variables into a single factor, which
could be labeled as skin sensitivity to sun exposure score. The
potential of this score was tested by studying the cormelation
between the skin color measurements assessed by the CIEL*a*b*
system and the score; on an additional subsample of women
participating to the cohort, asL* and b* measurements are known to
be linearly correlated with the minimal erythema dose (26). The
significant correlations found for the brightness of the skin (L*) and
the yellow intensity (b*) confirm that our score could be an easy-to-
collect tool that could serve for epidemiological studies to
summarize the skin sensitivity to sun exposure.
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No significant effect of antioxidant supplements was found,
either for the skin features or for the skin sensitivity to sun exposure
score. Protective effects of antioxidant supplements against UV-
induced damage have already been demonstrated in few strictly
controlled clinical studies: a significant decrease of erythema after
artificial UV exposure measured using chromameter devices and the
CIEL*a*b* system (27.28), and based on human skin biopsies,
significant reductions of the UV-induced p33 expression, the
number of apoptotic sunburn cells and the levels of superficial
lipoperoxide, as well as a significant increase in UV-induced
neomelanogenesis (28). However, to our knowledge, no significant
effect was reported on phenotypic data in the context of an
intervention epidemiological study conceming nutritional antioxi-
dant supplements. Therefore, we can conclude that the features
assessed in our study were not altered by the antioxidant sup-
plements tested.

Hence, we found a link between gender, sun-reactive skin fea-
tures and phototype determined using the Césarini classification
(i.e. women who have a greater sun sensitivity and a fairer photo-
type than men). Concerning the color of the skin, the most determi-
nant factor is the quantity and quality of melanin (3). The capacity
of epidermal melanocytes to synthesize melanin, both in a resting
state (constitutive color) and after activation by sunlight (facultative
color), is known to strongly vary (6). Both anthropological and
genetic studies suggest that the constitutive color of the skin—as
well as hair and eyes—is determined by different sets of genes
(29,30). In addition, nonmelanin pigments such as oxygenated and
reduced hemoglobin, and exogenous pigments such as carotenoids
from food intake as well as differences in sun exposure history, can
influence the skin color (3).

Hormonal influences, differences in melanin, and the above-
cited components such as hemoglobin or carotenoids, are likely to
be responsible for the findings that the skin of adult women is
slightly lighter than that of men (29,31). This observation is also in
line with the tendency of artists to portray the female body with
lighter color than that of the male body (32). These gender
differences have also been comroborated using spectrophotometric
measurements in the visible spectrum in various ethnic populations
(33-38), and in a recent exploratory spectroscopic study (39).
Simple hormonal effects cannot explain, per se, such differences
in constitutive skin pigmentation. Indeed, both testosterone and
estrogen may lead to pigmentation allowing a different response to
sun exposure (3,4,29). Even if pigmentation is stronger on exposed
than nonexposed sites, marginal gender differences have been
found in facultative pigmentation (40). In addition, women are
considered to be more homogenous in skin color than men, with
smaller topological variations (41), and with guestionable and
intricate changes related to age (37,42,43). Indeed, freckles seem
less prevalent with age, becoming equally distributed on different
facial and body sites and more frequent in women (44). Wagner
et al. (4) reported that the constitutive pigmentation was slightly
lower in women than in men, but they found a higher propensity to
sunburn in men than in women. However, in our study, self-
reported sunburns appear less frequently in men.

In the present study, we have been able to identify distribution
differences between men and women according to sun-reactive
skin features. A link between skin color and gender has already
been previously reported in published papers (3), possibly due to
a hormonal influence, probable genetic factors, as well as the
subjectiveness of self-estimation of features of skin sensitivity to
sun exposure (39.40). Moreover, owing to the differences reported
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among gender and age groups, future investigations on human skin
color should definitely be conducted by balancing individuals
according to age group and gender in order to obtain more accurate
information. Despite obvious unsatisfactory weaknesses, phototy pe
classification is often used in clinical and epidemiological studies,
because it can be easily assessed without any equipment
Therefore, phenotypic evaluation appears to be a good estimator
of skin sensitivity to sun exposure for clinical screening or for use
in research, and is easy to collect at a relatively low cost.
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Introduction

Abstract

Objective This study aimed to examine the frequency of self-assessed facial
skin sensitivity and its different patterns, and the relationship with gender and
sun sensitivity in a general adult population.

Methods A standardized 11-item questionnaire investigating reactions
experienced during the past year was developed. The questions explored
different patterns of skin sensitivity: pattern I (blushing related to vascular
reactivity), pattern I (skin reactions to certain environmental conditions),
pattern II (skin reactions after substance contact), and for women pattern IV
(‘breakout of spots” related to mensirual cycle). Additional items were
addressed for women and men, incuding sun sensitivity. The questionnaire
was administered to a large middle-aged population involved in the ‘Supplé-
ment en Vitamines et Minéraux Antioxydants’ (SU.VLMAX) cohort.

Results Sensitive facial skin was reported by 61% of the women (n = 5074)
and 32% of the men (7 = 3448), and the {requency decreased with age. The
frequency of patterns I, II and III was greater for women (78, 72 and 58%,
respectively) than for men (56, 48 and 28%) of comparable classes of age. The
frequency of pattern IV was reported by 49% of premenopausal women, and
skin reactions after shaving by 419 of the men. Sun sensitivity was found
to be a major component of skin sensitivity. Factor analysis showed that
individuals with fair phototype frequently evoked reactions associated with
pattern I, and skin redness and burning sensations were related to certain
environmental conditions (pattern II).

Conclusion Skin sensitivity is a common concern that declines with age and
is relevant for men as well as for women.

lesions.! Individuals report complaints such as reddening,
burning, stinging and itching or tightness sensations, on

The concept of sensitive skin stems from observations
of subjective adverse reactions occurring in response
to topically applied agents.'* It has been defined as the
potential to experience cutaneous discomfort in the
absence of any clinical or histological evidence of skin

The CE.RIES is a research centre on human skin founded by CHANEL
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contact with certain cosmetic products as well as under
certain environmental conditions.* The suggestion by
Simion and Rau® that complaints of sensitive skin are
invariably associated with a response to external factors
was a valuable initial observation. Johnson and Page®
later widened the list of possible causes to include
factors that they described as intrinsic, lifestyle and
environmental, as well as the use of cosmetics.

JEADV 2006, 20, 330-390 & 2006 European Academy of Dermatology and Venereclogy
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Sensitive skin is a phenomenon with an apparently
widespread distribution. About half of all skin reactions to
cosmetics and toiletries are reported to be sensory phe-
nomena with no visible effects,” thus falling within the
definition. However, the subjective nature of this complex
phenomenon and the lack of a consistent definition have
made it difficult to study. Its frequency remains uncertain
and its determinants and underlying mechanisms have
been the subject of controversy.? Until now, any assess-
ment of the different patterns of sensitive skin and their
occurrence is clearly hampered by the lack of a suitable
approach.

Patients with sensitive skin rely on diagnostic skills
and patience, as it is impossible to delineate responsible
aetiological factors based on morphological characteristics
and objective cutaneous signs.*'® Furthermore, the fea-
tures and complaints, which are very similar among these
individuals, do not necessarily reflect the severity of the
objective findings. As a result, the management of such
patients may pose a challenge for dermatologists.

Recently, we performed two studies on women in the
Ile-de-France region.* In the first study a sample of 319
healthy female volunteers were asked to rate the degree
of perceived sensitivity of their facial skin on a four-point
scale from 1 = not sensitive to 4 = very sensitive. Those
who reported skin sensitivity (self-ratings 2-4) were
asked to describe their skin reactions together with the
causes to which they attributed them. This study provided
a list of skin reactions based on unprompted statements,
In a second study, conducted on a sample of 255 healthy
female volunteers with self-declared skin sensitivity,
unprompted statements were recorded by a physician
according to a pre-established list based on the results of
the first study. A factor analysis method was consecutively
applied on the data of the second study. The principle of
factor analysis methods is to summarize the data by
obtaining a small set of new variables that can be used to
approximate the initial set of variables. These new vari-
ables, called principal components, are designed to retain
salient features of the data, to discard the background
noise, and to feed back understandable summaries of the
information."-!* From these components, four groups
of skin reactions related to specific causes were defined,
suggesting four ditferent non-exclusive patterns of skin
sensitivity. The first association of skin reactions (pattern I)
grouped blushing following emotional events, consump-
tion of alcohol or spices or sudden changes of temper-
ature. The second association (pattern II) grouped together
different skin reactions (redness, tightness, itching, burning,
stinging) following exposure to certain environmental
conditions (i.e. cold, wind), and the third association (pattern
I) grouped similar skin reactions after substance contact
(soap, hard water, chloride, cosmetic products). For women,

JEADV 2008, 20, 380390 @ 2006 European Academy of Dermatology and Venereology
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pattern IV was defined as ‘breakout of spots’ associated
with the menstrual cycle.*

Here we develop a simple, self-administered question-
naire that uses clearly defined content items to character-
ize those individuals who report themselves experiencing
sensitive skin. Using this questionnaire we conducted
a survey to study the occurrence of skin sensitivity and
associated reactions in a healthy adult population living
in France, recruited in the ‘Supplément en Vitamines et
Minéraux Antioxydants’ (SU.VL.MAX) cohort.™

Population, material and methods

Study setting

This study was conducted within the framework of the
French SU.VIMAX study. The study objectives, design
and population characteristics have been described
elsewhere."” In brief, the SU.VL.MAX is a randomized
double-blind, placebo-conirolled study. This primary-
prevention trial was designed to test the efficacy of a
daily supplement with antioxidant vitamins and minerals,
at nutritional doses, in reducing the main causes of
premature death conducted in a ‘free-living’ adult
population sample. Among the eligible subjects (14 412),
12 741 individuals were finally recruited in 1994
according to gender and age group (women aged 35—
60 vears and men aged 45-60 years), smoking habits and
geographic location, and were followed up for 8 years.
The SU.VL.MAX study has been approved by the ethical
committee for studies with human subjects (CCPPRB
no. 706) of Paris-Cochin, and the ‘Comité National Informa-
tique et Liberté’ (CNIL no. 334641), which advocates
that all medical information be confidential and anonymous.
All participants gave their informed consent to participate
in the study.

Questionnaire

A standardized 11-item questionnaire for women was
constructed for self-completion, and specific items were
added for men, including questions related to shaving.
This questionnaire is shown in the Appendix. It includes
six main questions investigating each of the four patterns
of skin sensitivity that may have been experienced dur-
ing the past year (blushing related to vascular reactivity,
skin reactions to certain environmental conditions, skin
reactions after substance contact, and for women ‘break-
out of spots” related to the menstrual cycle). Moreover,
three questions investigating sun sensitivity were added.!'®

Following an initial question about their perception
of their facial skin sensitivity, all individuals were asked
whether they experienced blushing of the skin in
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response to stress, spices or alcohol consumption or rapid
changes of environmental temperature (questions 2—4),
corresponding to pattern I. Then, a detailed list of skin
reactions related to certain environmental conditions
is proposed in question 5, which investigates pattern II.
Similarly, question 6 provides the same list of skin
reactions related to the application of cosmetic products
adapted for women and for men, corresponding to
pattern III. Question 7 investigates dependence on the
use of cosmetics for women, and skin reactions related to
shaving for men. Self-reported sun sensitivity is examined
in questions 8 and 9, including the fourfold phototype
classification developed by Pathak and Fitzpatrick.'
Question 10 enquires about the occurrence of ‘breakout of
spots” associated with sun exposure. Finally, question
11 asks women about the occurrence of ‘breakout of
spots’ declared to be in relation to the menstrual cycle,
corresponding to pattern IV.

Study sample

In 1998, these questionnaires were sent to all the
volunteers participating in the SU.VI. MAX cohort. During
the medical examination performed at inclusion, the
individuals were also asked by a physician to supply a
history of their sunburn susceptibility, tanning ability and
phenotypic information: complexion during winter, hair
colour at age 20 and freckles.”” The investigator then
determined their sun sensitivity using an attribution rule,
derived from the phototype classification proposed by
Césarini in 1977.'% This classification is based, on the one
hand, on two dynamic parameters, sunburn susceptibil-
ity and tanning ability, and, on the other hand, on
phenotypic information. This information, as well as age,
gender, and self-reported cosmetic skin type (normal, dry
or oily) throughout spring/summer and autumn/winter,
were used in the analysis.

Statistical analysis

Statistical analyses were performed using the SAS®
software release 8.02.'7 Skin reactions were initially
grouped according to the different patterns of skin
sensitivity. Frequencies were described according to age
and gender (MEANS and FREQ procedures). For each
gender, relationships between the skin reactions were
explored using multiple correspondence analysis (MCA)
(CORRESP procedure), which is a factor analysis method.
The aim of this type of method is to reduce the
muliidimensionality of the data by summarizing a set of
categorical variables into a small number of variables
called principal components. The principal components
are defined as linear functions of the original variables,

382

Guinaot etal.

weighted according to their relative importance."™* The
percentage of explained variance of each component
was estimated using the Benzecri formula (BENZECRI
option).?® Moreover, each principal component has been
interpreted by examining the partial contribution of each
skin reaction to the variance. Two-dimensional graphical
displays were obtained using principal components as
axes systems to show the proximities between the
individuals and also the associations between the various
skin reactions; individuals with similar skin reactions are
close on the first graphical display and skin reactions
strongly associated are close on the second graphical
display. These representations have the wvery useful
property of being strongly linked together: one graph
can be used to interpret the other, and vice versa. There-
fore, groups of individuals having similar features can
be identified. Moreover, supplementary variables (such as
self-reported skin sensitivity and self-assessed sun
sensitivity according to Fitzpatrick’s classification) were
added on these graphs to show their relationship with
the skin reactions. The links between the additional
information for each pattern of skin sensitivity (and for
shaving in men) were also examined using similar data
analyses.

Results

Completed questionnaires were returned by 72% of
individuals, of which 93 % could be evaluated: 5074 from
women and 3448 from men. The percentage of non-
respondents to the questionnaire decreased significantly
with age. Moreover, this percentage was significantly
higher for women, single people, people living in the Ile-
de-France area, and for the highest socio-professional
categories, Similar non-respondents” characteristics were
found in studies on sun exposure habits and on dietary
behaviour that we performed previously on the
SU.VLMAX cohort.?'*

The response to key items and for each skin reaction
expressed by gender and self-reported skin sensitivity is
given in Table 1. For comparable classes of age (i.e. 45—
60 years of age), 90% of the women who stated that they
had sensitive facial skin (76% of the men) reported having
experienced pattern I skin reactions; nevertheless, 62%
of the women who stated that they did not have sensitive
facial skin also reported having experienced pattern
I skin reactions (47% of the men). Similar trends were
found for the other skin sensitivity patterns. Moreover,
45% of the women who stated that they had sensitive
facial skin reported being phototype I or II according
to Fitzpatrick’s classification (9% phototype I plus 36%
phototype II) (34% of the men, 4% plus 30%). However,
only 17% of the women who stated that they did not have
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Table 1 Percentage response by gender and selfreported skin sensitivity to the 10 main questions of the sensitive skin questionnaire

Men (3448)*

Women (5074

45-60 years
Sensitive skin

35-60 years (5074)
Sensitive skin

45-60 years (3413)
Sensitive skin

Mo Yes No Yes No Yes
(2299) (1082) Total (1969) (3010) Total (1395) (1946) Total
Pattern I: Redness related to vascular reactivity a7 76 56 63 89 78 62 90 78
Redness associated with emotion or stress (Q2) 30 &0 30 44 75 63 43 76 62
Redness associated with alcoholic drinks or spicy food (Q3) 26 50 33 36 63 52 37 65 &3
Redness associated with rapid changes of temperature (Q4) 24 47 31 33 &8 54 33 69 54
Pattern I1: Skin reactions to certain environmental conditions (Q5) 37 39 48 54 87 74 52 87 72
Pattern Il1: Skin reactions after substance contact (Q6&) 19 49 28 35 75 60 34 75 58
Pattern IV: 'Breakout of spots’ related to menstrual cycle (Q11)+ - - - 42 54 49 - - -
Skin reactions when not using usual cosmetic products (Q7) - - - 48 i) 60 - - -
Skin reactions after shaving (Q7) 32 &0 41 - - - - - -
Considering facial skin sun-sensitive (Q8) 16 69 33 25 76 56 26 77 56
Sun sensitivityt (Q9) I: Always burns, never tans 1 4 2 2 9 6 3 2 6
II: Always burns, sometimes tans 9 30 16 15 36 28 14 36 27
II: Sometimes burns, always tans 65 55 62 57 47 51 56 47 51
IV: Never burns, always tans 25 10 20 24 7 14 26 8 15
‘Breakout of spots' after sun exposure (Q10) 3 13 ] 8 24 18 7 23 16

*Values do not always add up to 3448 for men or to 5074 for women because of missing data.

THon-menopausal women only,
FFitzpatrick’s classification.

sensitive facial skin reported being phototype I or II (3%
plus 4%) (10% of the men, 1% plus 9%).

Furthermore, for comparable classes of age, 81% of the
1395 women who stated that they did not have sensitive
facial skin, reported having experienced atleast one of the
skin reactions listed in the questionnaire during the past
year (68% of the 2299 men). Nevertheless, for both gen-
ders, individuals who stated that they had sensitive facial
skin reported a significantly greater number of skin reac-
tions than individuals who stated that they did not have
sensitive skin; for example (for comparable classes of
age) 8.2+ 3.6 (mean *standard error) vs. 3.6+ 2.8 for
women, and 6.1 £ 3.7 vs. 2.4 + 2.6 for men. However, 9%
of women who stated that they did not have sensitive
facial skin (11% of men) reported a greater number
of sensitive skin reactions than the mean value of the
number of sensitive skin reactions reported by people
who declared that they had sensitive facial skin (i.e.
greater than 8.2 for women and 6.1 for men).

The response to key items and for each skin reaction
expressed by age group and gender whatever the seli-
reported skin sensitivity is given in Table 2. Overall, some
61% of the women and 32% of the men stated that they
had sensitive facial skin (58% of the women for com-
parable classes of age 45-60 years). For comparable classes
of age, 78% of the women and 56% of the men stated
having experienced pattern I skin reactions. Similarly,

IEADV 2006, 20, 380390 © 2006 European Acaderny of Dermatology and Venereology

72% of the women stated having experienced pattern IT
skin reactions (48% of the men). Fifty-eight per cent of
the women stated having experienced pattern ITT skin
reactions (28% of the men). Regarding pattern IV skin
reaction, 49% of the non-menopausal women stated
having experienced ‘breakout of spots’ associated with
menstrual cycle. Forty-one per cent of the men stated
having experienced skin reactions after shaving.

For both genders, the frequencies of self-reported skin
sensitivity, patterns I, IT and II skin reactions, pattern IV
skin reaction for premenopausal women, as well as skin
reactions after shaving for men, were found to be signi-
ficantly greater among the youngest subjects.

Fifty-six per cent of the women and 33% of the men
claimed to have sun sensitivity: for comparable classes of
age according to Fitzpatrick’s classification, 6% of the
women declared experiencing reactions to sun exposure
compatible with phototype I (2% for men), 27% with
phototype IT (16%), 51% with phototype IIT (62%) and
16% with phototype IV (20%).

For both genders the frequency of patterns I, I and IIT
skin reactions decreased when sun sensitivity increased,
with phototype determined during the medical evalu-
ation using Césarini’s classification (Table 3), as well as
with self-assessed sun sensitivity using Fitzpatrick’s classi-
fication recorded in the questionnaire (data not shownj.
The frequency of skin reactions after shaving also declined
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Table 2 Percentage response by gender and age groups (years) to the 11 main guestions of the sensitive skin questionnaire

Men (3448)* Women (5074)*
45-49 50-54 55-60 Total 35-39 40-44 45-49 50-54 55-60 Total Total
(1192) (1033) (1202) 45-60 (579) (998) (1446) (985) (982) 35-60 45-60
Considering facial skin sensitive (Q1) 35 32 29 32+ a7 64 &0 50 55 &1¢ 58
Pattern I: Redness related to vascular reactivity 58 56 54 B4 20 79 B0 77 76 78 789
Redness assoclated with emotion or stress (Q2) 41 40 36 30 67 64 &4 63 58 &3+ 629
Redness associated with alcoholic drinks or spicy food (Q3) 34 32 34 33 49 50 54 52 54 52 539
Redness associated with rapid changes of temperature (Q4) 32 33 29 31 53 56 55 52 53 54 549
Pattern Il: Skin reactions to certain environmental conditions (Q5) 52 47 43 434 76 79 74 72 69 74 7Y
Redness 27 24 23 25 48 51 43 416 45 43 479
Stinging not combined with redness 14 12 13 13 20 18 18 17 16 17 179
Itching not combined with redness 5 & & 6 8 7 5 & 8 7 &
Burning sensation 12 13 1 12 26 26 26 23 21 25+ 249
Tightness 15 11 9 124 45 42 37 35 31 37+ 349
Scurves or localized desguamation 13 12 3 1M+ 21 19 16 16 15 17¢ 159
Pattern Il Skin reactions after substance contact (Q48) 32 28 25 284 66 63 58 5O B& 60+ 58y
Redness 16 13 12 14+ 36 35 35 35 32 34 349
Stinging not combined with redness 9 8 *] 3 21 24 20 19 21 21 209
Itching not combined with redness 7 8 7 7 15 16 14 13 14 14 149
Burning sensation 11 7 7 oF 22 20 19 17 15 8% 179
Tightness 5 4 3 44 20 27 24 26 23 25 249
Scurves or localized desquamation 7 & 4 6% 14 15 14 13 11 14 139
‘Spots’ after product application 7 & 3 B 27 20 17 15 13 184 159
Pattern IV: ‘Breakout of spots’ related to menstrual cycle (Q11)+  — %1 = = 67 57 45 31 1 49+ -
Skin reactions when not use usual cosmetic products (Q7) - - - - 66 a4 58 59 56 a0 —
Skin reactions after shaving (J7) 48 30 36 M+ - - - - - - -
Redness i 21 18 22¢ - - - - - - -
Stinging not combined with redness 12 9 8 o - = = = == ] =
Itching not combined with redness & 6 4 5 = = = = = = —
Burning sensation 24 18 16 194 = = = = = =] =
Tightness ¢} 7 5 7+ - - - - - - -
Scurves or localized desquamation 5 2 5 3+ - - - - - - -
'Spots’ after shaving 10 7 & T = e e = = = =
Considering facial skin sun-sensitive (8] 36 34 20 334 57 57 55 56 55 5é 5&q
Sun sensitivity++ (Q9) I: Always burns, never tans 3 2 2 2 7 6 6 5 8 6 af
II: Always burns, sometimes tans 17 15 15 16 30 30 27 26 26 28 27
Il Sometimes burms, always tans &3 63 59 &2% 52 53 &3 52 46 51+ 519
IV: Never burns, always tans 16 19 24 208 11 1 14 16 18 145 159
‘Breakout of spots’ after sun exposure (Q10) 7 7 5 6 23 20 19 14 15 18¢ 169

*Walues do not always add up to 3448 for men or to 507 4 for women because of missing data.

+Naon-menopausal women only.
$Significantly greater in the youngest subjects {y>test, P < 0.05).
§Significantly greater in the oldest subjects {y*test, P < 0.05}.

finsimilar class of age, significantly greater inwomen than in men (y>test, P < 0.05).

+tFitzpatrick’s classification.

significantly with sun sensitivity in men. By contrast, the
frequency of ‘breakout of spots’ in non-menopausal
women remained stable whatever the sun sensitivity, at
about 50%.

Self-reported facial skin sensitivity appeared to be
strongly linked to self-reported cosmetic skin type: 76% of
the women who declared having dry skin in autumn/
winter (76% in spring/summer) stated that they had
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sensitive skin. By contrast, 34% of the women who dedared
having normal skin in autumn/winter (42% in spring/
summer) stated that they had sensitive skin. Moreover,
72% of the women who declared having an oily skin in
autumn/winter (68% in spring/summer) and 42% of the
women who declared having normal skin in autumn/
winter (42% in spring/summer) stated that they experienced
pattern IV skin reaction (data available upon request).
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Table 3 Relationship between the different patterns of skin sensitivity and sun sensitivity by gender. Data are expressed in percentage (number of

subjects)

Men (3448)* Women (507 4)*

Pattern | Pattern I Pattern Ill Reactions after Pattern | Pattern Il Pattern 11l Pattern IV
Phototypess (2783) (2709) (2643) shaving (2714) (3830) (3717} (3681) (2404}
land Il i 691 42t 57t 89t 811 731 52
[I[E] 64 49 32 45 84 80 63 46
ik 61 50 30 42 81 76 62 49
IV 52 45 28 40 75 71 58 50
Vand Vvl 40 34 12 36 61 64 47 51
Total 56 47 29 4 79 75 60 49
*Values do not always add up to 3448 for men or to 5074 for women because of missing data.
tSignificantly greater in individuals with fair phototype (y* test, P < 0.05).
FMon-menopausal women only.
§Césarini's classification.

2nd component o

fig. 1 Map of proximities between women. The
first and second principal components of the
multiple correspondence analysis (MCA) were
used as the axes. The first component explains
80% of the total variance, and the second compo-
nent 8%. Each women is indicated by a symbol
according to the self-reported facial skin sensitiv-
ity: an open circle (&) for women who declared
that they had sensitive facial skin and a filled cir-
cle (@) for women who stated that they did not
have sensitive facial skin. Some individuals are
hidden by others.

The proximities between the individuals as well as the
associations between the skin reactions were analysed
using MCA. Figure 1 shows the proximities between women,
To facilitate the interpretation of the proximities between
women, their self-reported facial skin sensitivity was indi-
cated using two types of symbols: open circles (sensitive)
and filled circles (not sensitive). Women who stated that
they did not have sensitive facial skin are in the majority
located in the left part of the figure, and are opposed by
women who stated that they had sensitive facial skin and
who are located in the majority on the right part. Similar
results were obtained for men (data not shown).

Figure 2a shows the associations between the skin reac-
tions reported by women. Globally, the first component,
which accounts for 89% of the total inertia (explained
variance), opposes the absence of reported skin reaction
on the leit, to reported skin reactions on the right (indi-
cated on the graph by a schematic blue broken line). The

JEADV 2006, 20, 380390 @ 2006 European Academy of Dermatology and Venereology

skin reactions contributing most to the component are the
following: redness after substance contact (partial contri-
bution to the first component of inertia 8%), scurves after
substance contact (7%), stinging after substance contact
(79%), scurves to certain environmental conditions (7 %),
and burning sensation after substance contact (7%).
The second component (8% of the total inertia) groups
pattern I skin reactions (blushing) and redness and burn-
ing sensations related to certain environmental conditions
at the bottom of the graph, and opposes them to the other
skin sensitivity reactions. The skin reactions contributing
most to this component are the following: redness associated
with alcoholic drinks or spicy food (partial contribution
to the second component inertia 16%), redness associated
with rapid changes of temperature (16%), redness associ-
ated with certain environmental condition (15%), and
redness associated with emotion or stress (14%). The
phototype determined using Fitzpatrick’s classification
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2nd component = mgw m =
@ Skin sensitivity reactions
I scurves =substance contact 4
I scurves - environmental condition
scurves - withoul products 4 il:hi‘ X |
ing = environmental
Dark phototypes 1l i} 2
I itching - substance contact 4
IV: never burns - always lans astinging - envi 1 i
L ] I stinging =substance contact
g non sensitive skin I tightness = substance contact £ “spots’- substance contact
u: somaﬂmesnums-ulwgl ) A “‘npoln'"-!wsufu ST compofient|
5| yel rning = sul nee contact
I: abways bu never tans® g sensitive skin'®Hness - '“B:“rm mngac
oy always burns - sometimes tans
I iedness-!trua
redness = rap]d :hanw of tempera\ure .
redibas - food/drink® 4a | 1 4
1 fig. 2 Map of relationships between skin sensi-
I tivity reactions (&) for (a) women and (b) men.
The first and second principal components of the
Princip, p
(b) " ¥ —— x multiple correspondence analysis (MCA) were
<nd cnmpor\enl
1 smn SENSItl‘I‘ltY reaCtlons used as the axes. For women, the first compo-
Aseirven - shiaving nent explains 89% of the total variance, and the
second component 8%. For men, the first compo-
A scurves - substance contact
Il nent explains 87% of the total variance, and the
il second component é%. Self-reported skin sensi-
i . "spots’s substance contact o tivity indicated by filled squares (M) and self-
Dark phototypes“ liehing = substance contact assessed sun sensitivity (Fitzpatrick's classifica-
i “spots™ . ‘"‘M"“ 7 Shaving contact tion) indicated by filled circles (@) were added on
“apots’- sun exposure ‘;“"""9 =snvironmental sandiion the graph as supplementary variables to show
IV: alwa i b redness - substa 1 contact
YAt e ‘:T: i, "“"3""" tinging - shaving, . 'H‘"‘“’ sulstance coniacll  their association with skin reactions. Broken lines
M: always ta b Wensiti] A T ] R :
ays tans - 2?«"‘.‘,‘.‘";?.’.‘ ] L i ® uming shating p ighiness smnlwﬂgm were addeq to underhneth? association v«uth thg
R ging = | map showing the proximities between the indi-
ness = S
ness - foodldrink & " viduals; the blue line indicates the area where
redness — rapid €hanges of ture A & condition :
Aburning - environmentad condition individuals who declared having skin reactions
are situated, and the yellow and red lines show
L the areas where individuals with fair and dark
phototypes are placed, respectively.

was used as a supplementary variable. This figure suggests
that individuals with a dark phototype are located in the
majority on the left part (indicated on the graph by a sche-
matic red broken line), and are associated with self-
declared non-sensitive skin (also used as a supplementary
variable) and with the absence of a reported skin reaction.
On the contrary, individuals with a fair phototype, which
are located on the lower part on the right (indicated on
the graph by a schematic yellow broken line), are associated
with a self-declared sensitive skin and with the presence
of reported skin reactions related to pattern I. Figure 2b
shows similar associations between various skin reactions
reported by men.

Finally, the relationships between the complementary
questions for each pattern of skin sensitivity were ana-
lysed in the same way for both genders. For pattern I skin
reactions, ‘localized’ blushing is associated with ‘stinging’
sensations; and for patterns IT and III, as well as for skin
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reactions related to shaving in men, ‘persistent’ skin reac-
tions whatever the type are systematically opposed to
‘transient” skin reactions (graphical displays not shownj.

Discussion

Skin sensitivity is a widespread condition, whose bound-
aries have been neither well defined nor intensively
investigated. Moreover, contradictory findings have been
reported: ‘sensitive skin’ has been related either to consti-
tutional anomalies or to skin disorders or occupational
exposure to irritants.'® Nevertheless, 40-70% of the
population of women living in developed countries report
that they have sensitive skin.*¢#*-2¢

The use of the questionnaire presented here allows
rapid and relatively easy identification of individuals
presenting different and non-exclusive features of skin
sensitivity. Such a device should be of value in further
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describing complaints associated with facdial skin sensitiv-
ity in different geographical regions or among different
populations living in the same region. In addition, this
tool may help to assess skin sensitivity reactions to the
application of dermatological and cosmetic products.' This
questionnaire may therefore be used in the selection of
homogeneous groups of subjects to further investigate the
phenomenon of skin sensitivity in specific contexts.
Sensitive skin reactions are significantly less frequently
reported among older individuals for both genders. This
finding is probably linked to age-related behaviour and
to a tendency to avoid environmental conditions and
contact with certain substances whenever skin reactions
have been previously experienced. Moreover, significant
decreases in the performance of sensory skin properties
have been documented as a part of chronological ageing.”
In other respects, women more frequently reported a
sensitive skin than men. Among the determinants known to
play a role in expression of skin sensitivity, individual genetic
predispositions and sex-related physiological character-
istics may at least in part contribute to this difference.?***
However, this questionnaire was not constructed with the
aim of identifying individuals facial skin sensitivity accord-
ing to the number of skin reactions reported; although
some individuals stated that they did not have facial skin
sensitivity, they did report skin reactions. Furthermore,
some individuals who declared that they had sensitive
facial skin reported less skin reactions than some individuals
who stated that they did not have sensitive fadial skin.
Several studies on skin sensitivity have been published.
Ayala ef al. developed a 12-item questionnaire to investi-
gate the causes and reactions of sensitive skin in 500 indi-
viduals.* Thirty-seven per cent declared having sensitive
skin, the majority reporting erythema, dryness and pruri-
tus. Environmental stimuli, such as sunlight and cold cli-
mate, and substance contact (detergent and/or cosmetics)
were considered to be the main causative agents. Another
study was conducted among 1000 Caucasian women
recruited from five geographical locations in the USA.™
The study compared the responses of two groups who
perceived themselves to have sensitive or non-sensitive
skin. The findings did not allow for the demonstration of
a sustainable relationship between sensitive skin percep-
tion and skin reactions following application of chemical
products. A third study investigated skin sensitivity and
reactions to cosmetic products in 3300 women and 500
men living in the UK.** The frequency of skin sensitivity
and the frequency of skin reactions to cosmetic products
were 51% and 58% for women, and 38% and 31% for
men, respectively. Associations between self-reported
skin sensitivity and both dry skin and blushing/flushing
reactions were also reported. Unfortunately, neither age
distribution nor results according to age groups were pro-
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vided in these studies, so a comparison of frequency with
our own results is impossible. A fourth study examined
possible ethnic variations in the perception of sensitive
skin.?® Sensitive facial skin assessment and general skin
condition data were collected by telephone interviews
among four ditferent ethnic groups in the San Francisco
area (Afro-Americans, Asians, Euro-Americans, Hispan-
ics; approximately 200 women per group). The authors
found that the frequency of self-reported skin sensitivity
was equivalent according to the ethnic background, but
observed slight differences concerning the frequency of
skin symptoms evoked.

The SUVIL.MAX cohort gave us the opportunity to
describe the frequency of different patterns of facial skin
sensitivity on a large, general adult population-based
sample. In comparable age groups, the frequency of self-
assessed skin sensitivity was roughly double in women
as compared to men. In both genders, this frequency
decreased with age. For patternsI, Il and ITI skin reactions,
the frequency was greater in women in comparable age
groups, and in both genders the frequency also appeared
greater among the youngest individuals. As expected,
pattern IV skin reaction was also more frequent in
younger women. Similarly, skin reactions after shaving
were more frequent in younger men.

For pattern I skin reactions, the opposition of ‘localized’
to “‘diffuse” blushing, and also for pattern I and III skin
reactions, the systematic opposition of ‘persistent’ to
‘transient’ skin reactions indicate groups of individuals
with different features of skin sensitivity, which might
reflect different underlying mechanisms. In a given popu-
lation, different individuals may therefore display a wide
range of features relating to skin sensitivity. These differ-
ent patterns may be due to different underlying mechan-
isms that need further investigation. Nevertheless, some
suggestions can be formulated concerning their links with
subclinical skin conditions. For example, skin reactions
related to pattern I may be consistent with Rosacea stage 1
as defined by Plewig and Kligman.*' Skin reactions related
to pattern IT may correspond to subclinical seborrhoeic
dermatitis or eczema features, as the patients who
experience seborrhoeic dermatitis do not necessarily
show an oilier skin than non-affected individuals.*
Pattern IIT conditions may be matched with subclinical
allergic contact dermatitis or atopic dermatitis.*® In fact,
subclinical allergic contact dermatitis may influence the
expression of skin sensitivity, as well as those of certain
clinical signs reported in the context of inflammatory skin
pathways.* Finally, skin reactions linked to the menstrual
cycle in women (pattern IV) are linked with acne flares:
indeed, an increase in the occurrence of inflammatory
acne lesions during the premenstrual period has been
reported previously.*?
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For both genders, the number of reported skin reactions
was significantly greater in individuals who stated that
they had sensitive facial skin than among individuals who
stated that they did not experience sensitive skin. These
results are consistent with those reported by Willis ef al.®®
as well as with results from recent studies conducted
to test skin reactions after application of chemical sub-
stances. Individuals with self-reported skin sensitivity
were more susceptible to skin reactions in response to irri-
tant products,!®3

The assessment of the associations between the various
skin reactions illustrates that sun sensitivity is a major
determinant of skin sensitivity, and also demonstrates the
relationship between the fair-phototyvpe individuals and
the occurrence of blushing following emotional events,
consumption of alcohol or spices, and sudden changes in
external temperature, all reactions that are thought to be
related to vascular reactivity.

In conclusion, our study confirms the multidimensional
nature of facial skin sensitivity and demonstrates that sun
sensitivity represents a major determinant of skin sensi-
tivitv. Whereas the same associations of skin reactions are
found in both genders, skin sensitivity and its various skin
reactions appear approximately half as frequently among
men, and finally skin reactions decrease with age.
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APPENDIX 1 Self-assessed sensitive skin questionnaire (women and men)

This questionnaire is designed to assess the frequency of skin reactions that may appear or be felt on the face.
These may be visible reactions or simply sensations perceived as unusual. They may appear during exposure
to certain climatic conditions, under certain conditions of daily life, or following the application of certain

51

bstances to the face.

We would like to know if during the past year, your face has been affected by any of the skin reactions
listed in this questionnaire.

1. Do you consider the skin on your face to be sensitive? Y/N
Whether you answered yes or no, it is important that you answer all the questions below.
2. When you are affected by emotion or stress, does your face ever show signs of REDNESS
that then quickly disappear in the next few minutes? Y/N
3. When you drink certain alcoholic drinks or eat spicy food, are you sometimes affected by
REDNESS on the face that quickly disappears in the next few minutes? Y/N
4. When you are exposed to rapid changes of temperature, for example passing rapidly
from a hot atmosphere to a cold one, or vice versa, is your face affected by REDNESS
that disappears again in the next few minutes? Y/N
5. When you are exposed to cold weather, wind or dry air (air conditioning, for example),
is your face ever affected by one or more of the conditions described below? Y/N
(a) REDNESS Y/IN
(b) STINGING not combined with redness (repeated light stinging sensation) Y/N
(¢) ITCHING not combined with redness (sensation giving rise to a desire to scratch) YIN
(d) BURNING SENSATION (localized warmth) Y/IN
(e) TIGHTNESS (brief stretching sensations in different directions) Y/IN
(f) SCURVES or localized DESQUAMATION (skin that peels without sunburn) Y/N
6. Women: When applying certain cosmetic products that you are not used to (cleansers,
whether rinsed off with water or not, skin-care creams or malke-up), is your face ever
affected by one or more of the conditions described below? Y/N
OR
Men: When applying certain cosmetic products that you are not used to (cleansers,
whether rinsed off with water or not, skin-care creams or shaving creams), is your
face ever affected by one or more of the conditions described below? Y/N
(a) REDNESS YIN
{b) STINGING not combined with redness (repeated light stinging sensation) Y/IN
JEADY 2006, 20, 380-390 @ 2006 European Acadermy of Dermatology and Venereology 389
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(c) ITCHING not combined with redness (sensation giving rise to a desire to scratch) Y/N
(d} BURNING SENSATION (localized warmth) Y/N
(e) TIGHTNESS (brief stretching sensations in different directions) Y/N
(f) SCURVES or localized DESQUAMATION (skin that peels without sunburn) Y/N
(g) ‘SPOTS’ appeared after product application Y/N
7. Women: When you do not use a cosmetic product, for example your usual skin cream,
is your face ever affected by one or more of the conditions described below? Y/N
(a) TIGHTNESS (brief stretching sensations in different directions) Y/N
(by SCURVES or localized DESQUAMATION (skin that peels without sunburn) Y/N
OR
Men: When you shave, or immediately after shaving, is your face ever affected by one
or more of the conditions described below? Y/N
(a) REDNESS Y/N
(b) STINGING not combined with redness (repeated light stinging sensation) Y/N
(c) ITCHING not combined with redness (sensation giving rise to a desire to scratch) Y/N
(d) BURNING SENSATION (localized warmth) Y/N
(e) TIGHTNESS (brief stretching sensations in different directions) Y/N
(fy SCURVES or localized DESQUAMATION (skin that peels without sunburn) Y/N
(g) ‘SPOTS’ appeared after shaving Y/N
8. Do you consider the skin of your face to be sun-sensitive? Y/N
9. Given that sunburn is a burn that may take the form of simple redness, painful redness
or redness with blistering, how sensitive is your skin after the first exposure to the sun
without applying any sun protection product?
1 = Always biurns, never tans 2 = Always burns, sometimes tans
3 = Sometimes burns, always tans 4 = Never burns, always tans O
10. After a period of exposure to the sun, is your face ever affected by one or more of the
conditions described below?
(a) Breakout of ‘SPOTS’ YIN
(b) Other conditions Y/N

11.
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Women: Do you ever suffer from ‘SPOTS’ at certain times during your menstrual cycle?

Y/N

JEADYV 2006, 20, 380390 © 2006 European Academy of Dermatology and Venereology
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Annexe 6. Article sur le lien entre phototype, @ta&n vit D et
DMO

Phototype, statut en vitamine D et densité minéraleosseuse chez des
femmes a risque d'ostéoporose [Phototype, vitamin Btatus and bone
mineral density among women at risk of osteoporodis
Guinot C, Ezzedine K, Mauger E, Ambroisine_L, Ldkee], Bertrais S, Preziosi P, Galan |P,
Chapuy MC, Arnaud S, Meunier PJ, Tschachler E, beng S, Malvy S
Rev Med Interne, 2006, 27, 369-74
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Résumé

Propos. — Le but de cette étude était de déterminer les facteurs associés @ la valeur de la densité minérale osseuse (DMO) mesurée au
niveau du col du fémur dans un groupe de femmes d’dge moyen considérées & risque d’ostéoporose (statut précaire en vitamine D
[25(OH)D3 < 78 nmol/L] et hyperparathyroidisme [parathormone circulante > 36 pg/mL]).

Méthodes. — Cette étude a été conduite en deux temps chez 122 femmes de la cohorte SUVIMAX (supplémentation en vitamines et minéraux
antioxydants). L'impact de différentes variables, dont 'dge, I'indice de masse corporelle (IMC), le statut en vitamine D, la consommation d’al-
cool, Iintensité d’exposition au soleil et le phototype sur la DMO a ¢té testé a I'aide de modéles de régression.

Résultats. — Aucun lien significatif n'a été retrouvé entre la DMO et les variables documentant le statut en vitamine D et le taux de para-
thormone, ni le phototype. Cependant, les phototypes les plus clairs ont tendance a étre associés avec les valeurs les plus basses de DMO. En
revanche, la valeur moyenne de la DMO diminue significativement avec I'age et augmente avec I'indice de masse corporelle et le niveau d’acti-
vité physique.

Conclusion. — Quel que soit leur phototype, les femmes & statut précaire en vitamine D devraient adopter une supplémentation en vitamine D
associée a un apport adapté en calcium tout au long de année, sans négliger 'adoption de mesures de protection solaire et le maintien d’un
niveau satisfaisant d’activité physique, pour améliorer leur densité osseuse et prévenir le rsque fracturaire.
© 2006 Elsevier SAS. Tous droits réservés.

Abstract

Purpose. — The aim of this study was to test the influence of phototype and vitamin D status feature on the bone mineral density (BMD) of the
femoral neck in a group of middle-aged women considered at risk of osteoporosis (low levels of vitamin D [25(0H)D3 < 78 nmol/L] and
hyperparathyroidism [parathormone level = 36 pg/mL]).

* Auteur correspondant.
Adresse e-mail ; christiane. guinoti@eeries-lab,com (C. Guinot).
' Le CERIES estun centre de recherche sur la peau humaine fondé par CHANEL.

(24 8-8663/% - see front matter © 2006 Elsevier SAS. Tous droits réservés.
doi:10.1016/. rvmed 2006.01.020
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Methods.

This two-step study was conducted on 122 French women enrolled in the SUVIMAX (supplémentation en vitamines et minéraux

antioxydants: antioxidant vitamin and mineral supplementation) cohort. The impact of various variables on BMD, including age. body mass
index (BMI), vitamin D status, alcohol intake, sun exposure intensity and phototype was investigated using regression models.

Results.

No statistical link was found between BMD and the variables documenting vitamin D status and parathormone levels, nor photo-

type. Nevertheless, fair phototypes tended to be associated with lower BMD values. However, BMD decreased with age and increased with BMI

and physical activity level.
Conclusions.

Whatever their phototype, adult women concerned about precarious vitamin D status should undergo a vitamin D supplemen-

tation in combination with an adequate calcium intake all year long and a proper sun protection. Moreover, a physical activity maintenance

should provide an additional benefit for prevention of osteoporosis.
© 2006 Elsevier SAS. Tous droits réserves.

Mots clés : Densité minérale osseuse : Phototype ; Vitamine D

Kevwords: Bone mineral density; Phototype; Vitamin D

La densité minérale osseuse (DMO) diminue avec 1'dge a
partir de la périménopause chez la femme. Au dela d'un certain
niveau, la diminution de la densité osseuse (ostéoporose) est
associée 4 une augmentation progressive du risque et du nom-
bre de fractures [1]. Par ailleurs, un lien entre la densité miné-
rale osseuse et la pigmentation constitutive cutanée a été rap-
porté, la concentration cutanée en phéomélanine et eumélanine
comptant parmi les déterminants de la production de vitamine
D par la peau [2]. Une étude francaise conduite chez des vo-
lontaires adultes de la cohorte SUVIMAX (supplémentation en
vitamines et minéraux antioxydants) n’a pas mis en évidence
d'effet indépendant du phototype sur le niveau du taux sérique
de vitamine D [3]. Dans cette étude, les déterminants du taux
de vitamine D ¢taient 'intensite d’exposition au soleil et la
latitude de la région d’habitation. ces deux facteurs étant
connus pour étre liés avee le phototype.

Une étude complémentaire & ces travaux a ¢té conduite
afin de rechercher les déterminants de la valeur de la DMO
mesurée au niveau du col du fémur chez des femmes considé-
rées 4 risque d’ostéoporose (statul précaire en vitamine D
[25(OH)D3 <78 nmol/L] et parathormone sérique (PTH)
> 36 pg/mL). Ces seuils ont été fixés en se fondant sur les
résultats d’une étude conduite au sein de la cohorte SUVIMAX
explorant le statut en vitamine D [4]. Dans le cadre de cette
¢tude complémentaire, 1'influence éventuelle du phototype et
des variations des taux de vitamine D et de PTH sur les valeurs
de DMO a ét¢ évalucde.

1. Patients et méthodes

Entre novembre 1994 et avril 1995, 804 femmes dgées de
35 4 62 ans ont ét¢ sélectionnées de facon aléatoire parmi les
7713 femmes volontaires participant 4 la cohorte francaise SU-
VIMAX [5-7]. Ces femmes ont été recrutées pammi 20 villes
francaises de neuf régions (latitude variant entre 43 et 51°
nord). Leur statut en vitamine D et leur taux circulant de para-
thormone ont ét¢ mesurés [4]. Les méthodes de mesure biolo-
gique de la vitamine D et de parathormone ont été développées
ailleurs [3.4]. Parmi ces 804 femmes, 221 présentaient un statut
précaire en vitamine D [25(OH)D3 < 78 nmol/L] et un taux de
parathormone dans des limites supérieures a la normale ou

élevé (PTH = 36 pg/mL) [4]. Pour des contraintes budgétaires,
la DMO a été mesurée el une seconde évaluation des taux sé-
riques de vitamine D et de PTH réalisée sur un sous-échantil-
lon, deux ans plus tard et 4 la méme saison (période hivernale).
Pour ce faire, 122 femmes ont été sélectionnées parmi les 221,
de fagon aléatoire, en fonction de la région de résidence. La
DMO a été mesurée par absorptiométrie biphotonique a rayons
X DXA (Dual X-ray Absorptiometry, Hologic QDR 2000, Ho-
logic Inc, Waltham, MA, USA), au niveau du col du fémur.

L'effet sur les valeurs de la DMO des variables générales
suivantes a ¢té évalué : I'age a I'inclusion dans ["étude, 'indice
de masse corporelle (IMC). le statul ménopausique, la durée
écoulée depuis la ménopause, la prise d’un traitement hormonal
de substitution ou de périménopause, le tabagisme (fumeur et
ancien fumeur vs non-fumeur), le phototype selon la classifica-
tion de Césarini (phototype clair ; I, II, Illa, 1IIb, vs fonee : IV,
V. VI) [8]. Tautoappréciation de lintensité¢ d’exposition au
soleil au cours de la vie (aucune ou faible vs modérée ou
mtense), la région de résidence (nord vs sud de la France), le
niveau d'activité physique (> 3 METs vs <3 METs) et la
consommation journaliére d’alcool (évaluée en g/)). La défini-
tion d’une activité physique modérée ou intense correspond a
une activité de loisir de plus de 3 METs pendant au moins plus
d'une heure par semaine (un MET, ou équivalent métabolique,
est defit par le rapport du colit énergétique d’une activité phy-
sique donnée a la dépense énergétique au repos). La consomma-
tion jounaliére d’alcool a été transformée en variable ordinale a
trois niveaux en fonction de la valeur médiane des consomma-
trices d’alcool : consommation nulle, consommation d’alcool
faible [0—12,87 g/j]. modérée ou élevée [12.87 gfj et plus].

Par ailleurs. I'effet sur la DMO des varables spécifiques
suivanies a été évalué : le statul en vitamine D (nmol/L) et en
parathormone (pg/mL) en 1995 et 1997, le rapport du taux s¢-
rique en vitamine D de 1997 sur celui de 1995 et 1"écart entre
les taux sériques de PTH en 1997 et en 1995, Les distributions
de vitamine D et de parathormone présentant une forte dissy-
métrie, une transformation logarithmique des données a éte
réalisée afin d’en normaliser les distibutions. Par ailleurs, le
niveau des apports nutritionnels ayant été évalué sur un sous-
échantillon de la cohorte SUVIMAX, ces informations étaient
disponibles pour 72 femmes de notre étude. De ce fail. la den-
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sité nutritionnelle en calcium (mg/1000 kcal) et la densité nu-
trittonnelle en vitamine D (pg/1000 keal) ont été utilisées uni-
quement dans un but descriptif.

L’effet de chaque varable sur la valeur de la DMO a d’a-
bord été testé grice a un modéle de régression linéaire simple.
Ensuite, un modéle de régression linéaire multiple a été cons-
truit pour évaluer simultanément 'effet des variables ayant
montré un effet significatif & I'étape précédente, et celui des
tacteurs conventionnels ayant un nisque individuel connu.

2. Résultats

La description de 1"échantillon est rapportée dans le Ta-
bleau 1. Les modeéles de régression univariés sont présentés
dans les Tableaux 2 et 3. L'analyse univariée a montré un effet
significatift de I'IMC (p<0.04), de P'age & [Iinclusion
(p < 0,02), de la ménopause (p<0,02) — les femmes méno-
pausées présentant en moyenne des valeurs plus basses de
DMO  (valeur moyenne + écart-type. 086 £0.11 vs 091
+0,10), du niveau d’activité physique (p < 0,05) — les sujets
ayant une activité physique supérieure a 3 METs présentant
des valeurs plus élevées (0,91 £0,10 vs 0.87£0.11). Des ten-
dances non statistiquement significatives ont &€ trouvées pour

Tableau 1
Description de la population, moyenne £ écart-type, ou pourcentage (%)

le tabagisme (p=0,10) — les fumeuses el anciennes fumeuses
présentant des valeurs plus élevées (0,91 £0,09 vs 0.87
+0,12), la consommation journaliere d’alcool (p=0,13) —
les sujets ne consommant pas d’alcool présentant des valeurs
plus basses (0,87 + 0,11) par rapport a ceux ayant une consom-
mation d’alcool faible (0,90 £+ 0,10) et ceux ayant une consom-
mation d'alcool modérée ou élevée (0,91 £0,10), et le photo-
type (p=0,10) — les phototypes clairs présentant des valeurs
plus basses de DMO (0,88 £ 0,10 vs 0,91 £0,11).

Dans le modele de régression multiple (Tableau 4), aucun
lien significatif n’a été trouvé avec le statut en vitamine D en
1997 (p= 0,58), le rapport du statut en vitamine D de 1997 sur
celut de 1995 (p=0.99) et ["écart entre les taux de PTH de
1997 et de 1995 (p=0,71). En revanche, un effet défavorable
de T'age (p < 0,002) et favorable de I'IMC (p <0,001) a été
retrouvé ainsi qu'un effet protecteur lié 4 une activité physique
supéricure a 3 METs (p < 0,02). Par ailleurs, le lien avec le
phototype n’est pas statisiquement significatif lorsque 1’on
ajuste sur les autres variables (p=0,12). Ni la ménopause ni
les différents termes d’interaction entre les facleurs retenus
n’ont montré d’effet significatif sur les valeurs de DMO. De
ce fait. la ménopause et les interactions n’apparaissent pas dans
le modéle de régression multiple.

Varables Effectl Moyenne £ écart-type ou pourcentage
Age (années) 122 47864
Indice de masse corporelle 122 234+4.1
Région de résidence 122

Nord de la France 77 63,1 %

Sud de la France 43 369 %
Phototype selon la classification de Césarini 122

Clair (I, II, TTa, k) 84 68,9 %

Foncé (IV, V, V) 38 312 %
Statut ménopausique 122

Ménopause 55 451 %

Non-ménopause 67 549 %

Durée écoulée depuis la ménopause (mois) 121 325+0605

Traitement hormonal (substitution et périménopause) 121

Oui 36 298 %

MNon 85 702 %
Activité physigue 122

Inféricure ou égale & 3 METs 61 50,0 %

Supérieure 4 3 METs 61 50,0 %
Tubagisme 122

Fumeur ou ancien fumeur 55 451 %

Mon-fumeur 67 549 %
Autoappréciation de Uintensité d'exposition solaive au cours de la vie 113

Aucune ou faible 40 354 %

Modérée ou intense 73 64,6 %
Consonumation journaliére d alcool 115

Nulle 49 426 %

Faible 33 28,7 %

Modérée ou élevée 33 28,7 %
Tinex sérigue de vitamine D en 1995 {nmol/L) 122 42,5+ 20,5
Tawx sérigue de vitamine D en 1997 (nmoi/L) 121 540+ 286
Taux sérigue de parathormone en 1995 (pg/mlL) 122 443 + 156
Tatex sérigue de parathormone en 1997 (peiml) 121 390+ 153
Dengité maritionnelle en vitamine D (ug/1000 keal) 72 13408
Densité nutritionnelle en calcium (mg/1000 keal) 72 5124+ 1684
Densité minérale osseuse 122 0,89+ 0,11
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Tableau 2
Modéles de régression univariés — variables générales

Variables Effeetif Valeur de p
Constante 1,0722
Coefficient ~0,0039 * Age a inclusion 122 00113
Constante 07707
Coefficient 0,0050 * Indice de masse corporelle 122 00326
Région de résidence 122
Constante 08774
Coefficient 00165 Si nord de la France 77 04123
[i] Si sud de la France 45
Phototype selon la classification de Césarini 122
Constante 09113
Coefficient —0.,0340 Si clair (1, 10, Ttla, 111b) 84 0, 1044
0 Si foneé (TV, V, VI) 38
Statul ménopausigue 122
Constante 09093
Coefficient -0,0476 51 ménopause 35 (L0139
0 Si non-ménopause 67
Constante 0,8961
Coefficient (10002 # Durée écoulée depuis la ménopause (en mois) 2 01710
Traitement hormonal 21
Constante 08608
Coefficient 00400 Si pas de traitement hormonal 00593
0 Si traitement hermenal (substitution et périménopause)
Activite physigue 22
Constante 0.8681
Cocfficient 0 Si inférieure ou égale 4 3 METs 61 0,0412
0,0395 51 supérieure & 3 METs 61
Tubagisme 122
Constante 0.9053
Coefficient 0 Si fumeur ou ancien fumeur 55 0,1032
-0,0317 51 non-fumeur 67
Autoappréciation de 'intensité d'exposition solaive au cours de la vie 113
Constante 0.,8904
Coefficient 0 51 aucune ou faible 40 (0,880
—0,0032 Si modérée ou intense 73
Consommation jowmaliére d'alcool 115 0,1294
Constante 08663
Coefficient 0 Si nulle 49
0,0294 Si faible 33 0,2198
00473 5i modérée ou élevée 33 10,0496

3. Discussion

Les résultats de notre étude n’ont pas permis d’établir
I"existence d'un lien significatif entre la DMO et la variation
sur deux ans du taux de PTH et du statut en vilamine D chez
des femmes 4 nisque d’ostéoporose défini selon nos critéres. De
méme, aucun lien significatif n’a pu étre mis en évidence entre
le phototype et la valeur de DMO. Dans cet échantillon et aprés
ajustement multiple, les facteurs déterminants de la valeur de
DMO étaient 1'dge (impact défavorable de 1'age), I'IMC (im-
pact favorable des valeurs plus élevées) et le niveau d'activité

physique (impact favorable d'une activité physique déclarée
modérée ou miense).

Le statut en vitamine D est un facteur limitant de la densité
minérale osseuse mesurée au niveau du col fémomnl chez 1'a-
dulte présume en bonne santé, en particulier chez la femme
d’dge moyen [9]. Cette observation est cohérente avec la mise
en évidence de I'effet bénéfique de 'augmentation modérée
des ingesta en vitamine D sur la correction de la perte osseuse
objectivée en fin de période hivernale chez ["adulte [10].

Un déficit en vitamine D a ¢été retrouvé non seulement chez
la personne dgée vivant & domicile ou en institution [11], mais
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l'ableau 3
Maodéles de régression univades—variables spécifiques

Variables Effectil Valeur de p
Constante 0.8834
Coeflicient 0.0186 # Rapport taux sérique de vitamine D oen 1997 sur taux sérique de Vitamine D en 121 0.4658
1995
Constante (.8866
Coeflicient —0,0001 = ficart entre les taux sériques de parathormone en 1997 et coux de 1995 121 01,9344
Constante 0,8252
Coeflicient 0,0374 # Taux sérique de vitamine D en 1997 (en nmol/L) 121 04021
Constante 0.9200
CoefTicient —1,0250 * Densité nutritionnelle en vitamine D (en pg/ 1000 keal) 72 0,1053
Constante 0,9469
Coeflicient —. 0001 * Densité nutritionnelle en calcium (en mg/ 100 keal) 72 00988
lableau 4
Modéle de régression multiple (n =120
Variables Valeur de p
Constante 09194
Coefficients de I'équation “0.0002 = Rapport taux sérigue de vitamine D en 1997 sur taux sérique de Vilamine D 0,9937
de régression en 1995
00003 * icart entre les taux sérigues de parmthormone en 1997 e ceix de 1995 07095
00255 # Taux sérigue de vitaming D en 1997 (en nmol/L) 0,5778
00084 « Indice de masse corporelle (en kg/em?) 0.0007
—00056 % Age a U'inclusion (en années) 00,0005
0 Si phototype foncé (IV, V. V) 0,1172
—0,0315 Si phototype clair (L, 1L a, 111b)
0 Sioactivité physique inféreure ou dgale a 3 METS 0,0188
0437 Si activité physique supéreure & 3 METs

* Deux données manquantes (une pour le taux sérique de vitamine D en 1997 et une pour le taux sérique de parathonnone en 1997).

¢galement chez I"adulte et en population générale frangaise [4].
Pammi 1569 sujets adultes frangais présumés en bonne santé de
la cohorte SUVIMAX, pres de 15 % avaient des valeurs de
vitamine D sérique inférieures au seuil de 30 nmol/L [4]. Un
des facteurs déterminant cette présentation était la latitude de la
région d'habitation — les valeurs les plus basses étant retrou-
vees dans le nord et les plus élevées dans le sud. illustrant la
difference géographique de gradient d’intensité d’ensoleille-
ment. Comme chez la personne dgée présentant un défieit vi-
taminique avére, le statut précaire en vitamine D était associé a
une augmentation de la production de parathormone. Mais
chez ces adultes, le taux sérique de parathormone restait a un
niveau relativement proche d'un plateau de 36 pg/mL tant que
la valeur de vitamine D sérique restait supérieure au seuil de
78 nmol/L [4,12]. Ces résultats, compatibles avec 1'installation
d’un hyperparathyroidisme secondaire modéré, ont défini les
seuils utilisés dans notre étude. Par ailleurs, ces résultats ont
¢té repris et commentés comme prédicteurs du remodelage tis-
sulaire osseux associé a une diminution de la densité minérale
osseuse et au risque fracturaire [12].

Le seuil définissant une valeur individuelle basse de vita-
mine D sérique ne fait pas 'objet de consensus. Un taux de
100 a 150 nmol/L pourrait étre nécessaire au maintien de
I'intégrité du tissu osseux [4]. Le choix de cette valeur seuil

est cohérent avec les propositions issues d’autres travaux en
faveur d'un taux de 75 nmol/L [13], ce qui est quasiment la
valeur retenue dans notre enquéte, ou d'un taux situé entre
50 et 100 nmol/L en vue de la prévention de l'ostéoporose et
de I'hyperparathyroidisme secondaire associ¢ [14,15]. En
France, les produits laitiers n’ont fait 'objet de mesures
d’enrichissement en vitamine D que depuis 2001. L’augmenta-
tion des apports alimentaires en vitamme D reste un moyen
nécessaire mais non suffisant pour atteindre un seuil de 100 a
150 nmol/L [16] sans le recours & une supplémentation médi-
camenteuse.

Le réle du statut pondéral devrait faire I'objet d'investiga-
tions spécifiques. en particulier en ¢étudiant le lien entre mai-
greur et risque fracturaire. Par ailleurs, une augmentation ac-
ceptable et adaptce du niveau d’activité physique devrait
compter parmi les mesures visant & améliorer la densité os-
seuse et la prévention du risque fracturaire chez la femme
adulte. Cette recommandation vaut particuliérement pour les
pays du nord compte tenu du lien existant entre les phototypes
clairs et I'exposition solaire [3]. L’absence de significativite
statistique du lien retrouvé entre le phototype et la densité mi-
neérale osseuse vont dans le sens des résultats précedemment
rapportés [3]. En effet, les relations entre phototype, statut en
vitamine D et photoexposition sont complexes : les phototypes
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clairs synthétisant plus volontiers la vitamine D cutanée. Ce-
pendant, cette synthése est réalisée 4 des doses trés faibles
d'UV toujours sous-érythémateuses au-deld desquelles la vita-
mine D est transformée en composés biologiquement inactifs
[17]. De plus, compte tenu du risque de photovieillissement et
de carcmogenése cutanée associé a I'exposition solaire, quel
que soit leur phototype, les individus & statut précaire en vita-
mine D devraient adopter une supplémentation en vitamine D
associée a un apport adapté en calcium tout au long de 'année,
sans négliger 1’adoption de mesures de protection solaire [17].
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Annexe 7. Article sur la supplémentation en antoayts et le

risque de cancers cutanés

Antioxidant supplementation increases the risk oflan cancer in women but
not in men

Hercberg S, Ezzedine K, Guinot C, Preziosi P, G&®laBertrais S, Estaquio C, Briancon
Favier A, Latreille JMalvy D
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196

S,



The Journal of MNutrition

@\N Nutritional Epidemiology
Y

Antioxidant Supplementation Increases the
Risk of Skin Cancers in Women but Not in Men’

Serge Hercherg, ™™ Khaled Fzzedine,™ Christiane Guinot,™® Paul Preziosi,” Pilar Galan,”
; ] o ; - : : f ! 5
Sandrine Bertrais,” Carla Estaquio,” Serge Briangon,” Alain Favier,” Julie Latreille,” and Denis Malvy®

*UMR USS7 Inserm/U1125 Inra/EA3200 Cram/Univ Paris 13, Bobigny, France 93017, “"Unité de Surveillance et & Epidémiologie
Nutritionnelle; Centre de Recherche en Nutrition Humaine [e-de-France UFIL SMBH Paris 13, Bobigny, France 93017 *Department of
Dermatology, University Hospital Erasme, Université Libre de Bruxelles; Bruselles, Belgium 1070; *Biomerries and Epidemiology Unit,
CERLES., Neuilly sur Seine, France 92521; "Computer Science Laboratory, Ecole Polytechnigque, Université de Tours, Tours, France
37200; TEA 3444, Ecole de Santé Publigue, Epidémiologie clinigue, Faculté de Médecine, CHU Naney, France 54035; *Laboratoire
Lésions des Acides Nucltigues, UMR CNRS-CEA-UJE 5046, Grenoble, France 38000; and "EA 3677 and Centre Rent-Labusquigre
(Tropical Medicine and Internationzl Health Branch), Université Victor Segalen Bordeaux 2 and Department of Internal Medicine and
Tropical Diseases, University Hospital Center, Bordeaus, France 33076

Abstract

This research aimed to test whether supplementation with a combination of antioxidant vitamins and minerals could
reduce the risk of skin cancers (SC). It was performed within the framework of the Supplementation in Vitamins and
Mineral Antioxidants siudy, a randomized, double-blinded, placebo-controlled, primary prevention trial testing the efficacy
of nutritional doses of antioxidanis in reducing incidence of cancer and ischemic heart disease in the general population.
Frenchadulis (7876 womenand 5141 men) were randomized 10 1ake an oral daily capsule of antioxidants (120 mg vitamin
C, 30 mg vitamin E, 6 mg B-carotene, 100 pg selenium, and 20 mg zinc) or a matching placebo. The median time of follow-
up was 7.5y. Atotal of 167 casesof all types of SC were reported, fromwhich 26 were melanomas. Because the effect of
antioxidants on SC incidence varied according to gender, men and women were analyzed separately. In women, the
incidence of SC was higher in the antioxidant group [adjusted hazard ratio ladjusted HR) = 1.68; P = 0.03]. Conversely, in
men, incidence did not differ between the 2 treatment groups (adjusted HR = 0.68, = 0.77). Despite the small number of
events, the incidence of melanoma was also higher in the antioxidant group for women (adjusted HR =4.31; F=0.02).
The incidence of nonmelanoma SC did not differ between the antioxidant and placebo groups (adjusted HR = 1.37; P=
0.22 forwomen and adjusted HR = 0.72; P=0.19for men). Our findings suggest that antioxidant supplementation affects
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the incidence of SC differentially in men and women. J. Nutr. 137: 2098-2105, 2007.

Introduction

Melanoma and nonmelanoma skin cancers {(SC),'° namely squa-
mous cell carcinoma (SCC) and basal cell carcinoma (BCC), are
the most common forms of malignancy in the Caucasian popu-
lation (1) and sun exposure 1s thought to be the main established
risk factor for all 3 types of tumor (2). An aging population,
more intense exposure to UV rays due o depletion of the ozone
layer, and sun exposure habits would appear to favor a higher
incidence of skin malignancy (3).

Numerous studies have demonserared the role of reacrive
oxygen species, also called free radicals, in skin carcinogenesis
and the potenrial protective effect of antioxidants {4). Formarion

' Author disclosures: S. Hercberg, K. Ezzedine, P. Preziosi, P. Galan, §. Bertrais,
C. Estaquio, S. Briangon, A. Favier, and D. Maly, no conflicts of interest;
C. Guinot and J. Lateille, the CE.RLE.S. is a research center on human skin
founded by CHANEL.

¢ Abbreviations used: BCC, basal cell carcinoma; HR, hazard ratio; MSC,
melanoma skin cancer; NMSC, nonmelanoma skin cancer; SC, skin cancer; SCC,
sguamous cell carcnoma; SUVIMAX, Supplémentation en Vitamines et
Mingrawe Antioxydants study.

* To whom correspondence should be addressed. E-mail: hercberg@cnam fr.
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of free radicals in the skin can be enhanced by UV radiarion. The
cutancous system has a very efficient inrerlinked anrioxidant
defense system for counteracting UV-induced oxidative seress.
However, excessive exposure to sunlight or other sources of UV
light can overwhelm the skin’s antioxidant capacity. A poren-
tially inceresting strategy for preventing UV exposure damage
could be to boost the endogenous antioxidant syscem by oral

intake of antioxidant vitamins and minerals. Although clinical
trials have showed contradictory findings (5-7), oral antioxidant
pills have been recommended for the prevention of sunburns and
for their supposed photoprotective properties.

In particular, ir has been suggesred thar nurrients such as
B-carotene, ascorbic acid, vitamin E, selenium, and zinc may
prevent such harmful effects of UV exposure because of their
antoxidant ability (8). Clinical trials testing the impact of
supplementation with high doses of antioxidants over long
periods have, however, failed to reveal beneficial effects on the
incidence of SC (9,10). For example, the Nutritional Prevention
of Cancer rrial, a double-blind, randomized clinical trial, was
designed to test whether selenium (200 pg/d) could prevent
nonmelanoma SC (NMSC) in 1312 individuals with an individual
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history of SC recruited in the eastern United States. The inirial
analysis, which was conducred after 6.4 y of intervenrion, showed
a significant inverse association between supplementation and
all types of cancer incidence (10). However, a subsequent
analysis found the protecuive effect of selenium supplementarion
on all types of cancer incidence to be attenuared (11). Surpris-
ingly, the last analysis conducred after 13 y of supplementation
suggested a link berween selenium supplementation and an
increased risk of NMSC (12).

There is some evidence that a combinarion of antioxidants
may have a more powerful free radical scavenging effect than
individual molecules, due to complementarity and synergy in
their mechanism of acrion (13). In addition, merabolic interre-
lationships also exist berween antioxidant nutrients with ben-
eficial murual protection and regenerarion.

The Supplementation in Vicamins and Mineral Anrioxidants
(SUVLMAX) study was a primary-prevention trial designed
to assess whether a daily supplementation with antioxidant
vitamins and minerals, ar nutritional doses, could reduce the
incidence of the most prevalent chronic diseases wdustrialized
countries causing premature dearh, cancer, and ischemic hearr
disease in middle-aged men and women. A double-blind, ran-
domized, placebo-controlled design was used to compare medium-
term outcome (5-10 y) in subjects receiving antoxidant
supplementation or nor. The framework of the SU.VL.MAX
study allowed dara ro be collecred relaring to markers of oxi-
dative stress and thus provided an opportunity to study the
relationship berween antioxidant effects relaring to the inrer-
vention and cancer incidence.

Our aim was to test, in the conrext of the SUVLMAX study,
the impact of a combination of antioxidant nutrients on the
incidence of melanoma and NMSC in a large sample of middle-
aged individuals from the French general popularion.

Subjects and Methods

Setting and study design. Details concerning the study rationale,
design, methods, and study sample of the SUVLMAX trial have been
reported previously (14,15). Briefly, the target population was a sample
of aduoles aged 35-60 y for women and 45-60 v for men recruiced from
the French general population in France. The sample was thus not
restricted to high-risk subjects. Enrolled subjects had o “declare
themselves free of any severe pathology that mighe mie participation
for 8 v including cancers and cardiovascular discase.™ The SUNVLMAX
study used a randomized, double-blinded, placebo-controlled design.
The partcipants were randomized o take a capsule containing a com-
bination of antioxadants [120 mg vitamin C (sedium ascorbate), 30 mg
vitamin L {dla-tocopherol), 6 mg f-carotene, 100 pgselentum (selenium-
enriched yeast), and 20 mg zinc (zinc gluconate)] or a matching placebo
in a single oral daily capsule. The study cohort was stratified by gen-
der, age group, smoking habits, and residence area. Random trearment
allocation was performed by block-sequence generation stratfied by
gender and age group. Subjects were treated thronghout the follow-
up period.

The SUVLMAX study was approved by a medical ethics commueree
(Comite Consultanf pour la Protectiondes Personnes participant a la
Recherche Biomédicale n®706) of Pans-Cochin, and the Naunonal
Commurree for the Prowection of Privacy and Civil Libernes Comité
National Informatique et Liberte (n®334641), which advocates thar all
medical nformaten be confidenual and anonymous. The participanes
signed an informed consent form allowing the investigators to perform
screening tests. to identify cancer or cardiovascular disease and to
communicate the results o therr physician.

Follow-up of the participants. The participants underwent a yearly
medical visit, which consisted in alternate years either of taking a blood
sample or of a clinical examinaton (physical examination, electrocar-
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diogram, blood pressure measurcment, visual acuity examination,
anthropometrical measurements, fecal occule blood tesung for subjeces
over 45 v, smear test for all women, and a sereening mammogram for
women over 50 v). Moreover, the parncipants were also expecred m
provide monthly information on treatment comphiance, dietary intake,
and any health event by complenng computerized questionnaires. In the
absence of monthly contact for =6 mo, or if the participant missed
the yearly visit, an investigation was launched to determine the reasons
and to resume contace. If necessary, an inguiry was conducted among
neighbors and the parricipants physician, Causes of death were provided
by families, physicians, or hospitals. At the end of the interventional trial
{September 1, 2002), wital status and possible causes of death were
confirmed through the National Dearh Registry.

Antioxidant status. At baseline and every 2 v, 35 mL of venous blood
samples after 12-h fasting were taken from cach participant. Serum
antioxidant concentrations were measured on a randomized sub-sample
of 1134 subjects stratfied by sex, age, treatment group, and geographic
location. All biochemical analyses were performed in the same reference
laboratory. Vitamin C status was evaluated by serum ascorbic acid
{ascorbate) determination using an autmomated method based on the
principle of continuous flow segmented by air bubbles (16}, Serum levels
of rerinol, 8-carotene, and a-twocopherol were measured by HPLC nsing
the Biotek-Kontron HPLC system (17). Serum levels of znc and selentum
were determined using flame aromic absorpoion spectrometry (Perkin
Elmer 3110 for zinc and selenium and Perkin Elmer 4100 ZL for
selemum) (18,19},

Endpoints of the SU.VIMAX trial. Whatever the source of informa-
tion (see paragraph above on follow-upl, once an event was suspecred,
all relevant records, mcluding resules of diagnostic tests and procedures,
were collected from physicians, hospitals, or dicectly from the partici-
pants. The primary outcomes of the SUVLMAX tnal were first fatal and
nonfatal major 1schemic cardiovascular events and first cancer events
during the follow-up. However, BCC and 5CC of the skin were not
considered 1n the cancer ourcomes as defined n the study protocol. Each
event was reviewed by expert committees who were unaware of the
treatment assignment. In the case of cancer events, these were ascer-
tained by pathologist reports and reviewed by a commuttee of oncologists
[details in (14}].

Endpoints of the analysis of 5C. The outcomes of the present analysis
were first event of melanoma atany stage, SCC and BCC of the skin, and
other types of SC (International Classificanon of Diseases, 10ch reviston,
Clinical Modification, codes C43, C44, D03, D4}, Morcover, all $C,
which were ascertained by pathologist reports, were also reviewed by an
expert commuittee of dermatologists, who were unaware of the erearment
assignment.

Assessment of sun exposure. Two questionnaires on sun exposure
were administered to participanes in 1997 and 2000 The content of the 2
questtonnatres was similar, with one part that invesngated sun exposure
and protection over the past year and another pare that assessed liferime
sun exposure and protection (20). Over 64% of the questionnaires of the
first survey were returned (4824 women and 3260 men). Following the
next survey, we collected 1332 additional quesnonnatres (800 women
and 532 men). The final analysis was conducted on a sub-sample of 9293
volunteers (3751 men and 5542 women) who answered the following
question (global self-assessment) “How would you describe the intensity
of your skin’s exposure to the sun during your lifenme?” with the
responses: none, mild, moderate, or severe. For the purpose of this
analysis, responses were dichotomized as severe vs. moderare, mild, or
none. Moreover, the laritude of the place of residence was also taken into
account in the analysis.

Statistical methods. All subjects who participated n the SUNVLMAX
study were evalnated in the present analysis. Statstical analyses were per-
formed using SAS software verston 8.2 (SAS Institute). Descripoive analysis
was performed by gender and treatment group (UNIVARIATE and
FREQ procedures). Quantitative variables were expressed as mean + 5D,
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Eligible
N=13017

! }

PLACEBO GROUF ANTIOXIDANT GROLUIP
Included 6 536 Included 6 481

Completed: N = 5 610 (85.8%) Completed: N = 5 666 (87.4%)

Loss to follow-up: N = 586 (3.1%)
Consent withdrawn: N = 155 (2.4%)

Protocol violations: N = 4 [<0.1%)
Deaths: N =98 (0 skin cancers) (1.5%) Deaths: N = 76 (2 skin cancers) (1.2%)

All types of skin cancer Al types of skin cancer
N = 73 (1.1%) N = 84 (1,3%)

FIGURE 1 Flow of participants by treatment group. Percentages
are relative to the number of subjects included in each group.

Loss to follow-up; N = 538 (8.3%)
Consent withdrawn: N =115 (1.8%)
Protocol viclations: N =2 (<0.1%)

Baseline characteristic means were compared usmg ANOVA (GLM
procedure), Relationships berween antioxidant levels ar baseline were
assessed using Pearson correlanon coefficients (CORR procedure). Per-
centages of individuals lost to follow-up in each treatment group were
compared using the Pearson test (FREQ procedure, oponon CHISQ) (21).

The duration of follow-up for each participant was defined as the
time from randomization until the cccurrence of the first event (diagnosis
of SC, death, or date of last contact). The analysis was conducted under
the intention-to-treat principle.

The proporton of volunteers remaining free of event since random-
rzation was described nsing Kaplan-Meter survival curves (22). Oucome
analysis consisted of frequency comparnisons, logrank tests (23}, and Cox
proportional hazard regression models (24}, Cox models allowed a
comparison of the effece of the different study variables, namely trear
ment group, age, smoking status, dwelling lanmude, self-assessed Liferime
sun exposure, and antioxidane status at baseline. For each outcome, we
estimated hazard ratnos (HR) with their 95% CL In the next step, we
tested the mearment effect controlling for variables thar influenced

outcome using a multivariate model to generate adjusted HE. However,
as lifenme sun exposure was documented only for a sub-sample of the
cohort, thisitem could not be meluded m the mulovanate analysis. In
addition, mteraction terms beeween levels of each antioxidanc at baseline
and treatment group were also tested. Furthermore, to estimate the effect
of annoxidant levels ar baseline on each outcome in the antioxidant and
the placebo groups, cach mulavariate Cox model obrained at the laste
step was rebuilt within each trearment group.

The number of participants was expected to allow detection of a
25% difference 1n incidence of the ouwome (1-tailed e = 5%; 1-tatled
B = 90%).

Results

Study sample characteristics. A total of 13,017 volunteers,
7876 women and 3141 men, were randomized to take the
capsule conraining a combinarion of antioxidants or a matching
placebo. The participants enrered the trial berween Ocrober 12,
1994 and Apnl 30, 1995. Subsequently, 270 subjects (2%; 115
in the antioxidant group and 155 in the placebo group)
withdrew their written consent on the very day of the enrollment
visit or within the next 3 d, because they could not meet the
constraints of the protocol. Inaddition, 6 subjects were excluded
from the study because they did not fall within the specified age
range. The flow of participants by trearment group is shown in
Figure 1. The median follow-up ome was 7.5 y for a toal of
89,441 person-years (44,866 in the antoxidant group and
44,574 in the placebo group).

The 2 trearment groups did not differ with respect to capsule
intake, which was 79% in each weatment group. Compliance
was confirmed on a random sub-sample of ~1000 participants.
In these subjects, plasma levels of the biochemical markers
B-carotene, vitamin €, and selenium significantly increased in
the antioxidant group 2 and 7 y after randomizarion. Further-
more, the 2 treatment groups differed significantly 2 and 7 y
after randomization with respect to all markers excepr serum
zinc [details in (14,135)].

The anuoxidant and placebo groups were balanced for most
baseline variables, notably smoking habits, alcohol consumpdon,

TABLE 1 Baseline antioxidant status by gender and treatment group’
Women Men Group Gender

Variable Placebo Antioxidants Placebo Antioxidants Palug®

i” 3064 3912 2572 7569

Age, ¥ 471 = 68 471 = 64 5.8 =47 H.8 L 45 0. =0.0001
n 3883 anda 2508 2520

Serum S-carotene, pmal/L 067 + 047 068 =+ 052 046 + 036 046 =031 055 =0.0001
n 3643 3639 23% 2421

Serum vitamin E, pmol/L 3083 = 753 07 =78 3223 = 850 3228 = 834 043 =<0.0001
[ 3665 it 2404 2432

Serum vitamin C, umal/L 59.33 = 2858 5916 = 2572 4973 = 2378 4988 + 2963 08 =0.0001
n 847 2857 1835 1854

Sarum salenium, pemal/L 108 = 018 109 =019 113 =020 114 = 020 0.05 =0.0001
n 3287 i 2178 219

Sarum zing, pmol/L 1288 £ 186 ZHx13 1351 = 185 1350 = 183 0m =10.0001
f 3288 3267 2138 3

Ml 2930 228 =04 252 340 25230 0.9 0302
n Fi4 3672 2402 2417

! Values are means + S0,

“ Data were missing to a variable extent for gach variable (up to 28% for serum vitamin C levelstand the actual sample size is therefone

indicated for each variable.

4 No significant interactions between group and gender were detected
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occupational status, education level, marital status, and BMI
(14). The rrearment groups were also balanced for self-assessed
lifeime sun exposure. In women, the frequency of severe
exposure was 11.2% in the placebo group and 11.1% in the
antioxidant group, whereas in men, it was 11.8% in the placebo
group and 12.2% in the antoxidant group.

Within each gender, the ages of the rreatment groups were
comparable, with women being 47.1 = 6.6 y old and men being
51.8 = 4.7 v old. Serum levels of antioxidants did not differ
berween the trearment groups at baseline, excepr for selenium
{Table 1). However, serum levels of antioxidants ar baseline
differed significantly berween genders. Serum f-carotene con-
centrations were correlared with serum levels of vitamin C (r =
0.26; P < 0.0001) and vitamin E (r = 0.24; P < 0.0001).

Incidence of SC. Owverall, 157 validared cases of SC occurred in
81 women and 76 men. These corresponded to 25 melanoma SC
(MSC) in 16 womenand 9 men. The remaining 132 NMSC were
represented by 115 BCC in 57 women and in 58 men, 13 SCC in
4 women and in 9 men, and 4 cases of other types of SC, namely
Bowen disease in 4 women (Table 2).

The overall incidence rate of SC did not differ between the
trearment groups (P = 0.35). However, when segregated by
gender, the frequency of SC in women was higher in the
ancioxidant group (P = 0.02). Fifry-one women developed SC in
the antioxidant group compared with 30 in the placebo group.
There was no such difference in the frequency of SC between
treatment groups in men (43 cases in the placebo group and 33
in the antioxidant group; P = 0.25).

The incidence of melanoma did not differ berween the
treatment groups in men (6 cases in the placebo group and 3
cases in the antioxidant group; P = 0.51) bur was higher in the
antioxidanr group in women (3 cases in the placebo group and
13 cases in the annoxidant group; P = 0.01).

The incidence of NMSC did not differ berween trearment
groups in either men (37 cases in the placebo group and 30 cases
in the anrioxidanr group; P = 0.39) or women (27 cases in the
placebo group and 38 cases in the antioxidant group; P'= 0.15).

Due to the differennial effects of antioxidant supplementarion
according to gender, all subsequent analyses were performed by
gender.

Variables associated with the incidence of all SC. Accord-
ing to acruarial survival analysis of the cumulanive incidence of
SC, the difference berween the treatment groups increased

TABLE 2 Distribution of SC typas in women and men in the
placebo and antioxidant treatment groups’

Women Men
Cancer type Placebo Antioxidant P? Placebo Antioxidant P?
i 3964 3912 2572 2569
n (%) %
Melanama 3 (0.08} 13{03) 001 602 (01} 051
NMSC 77 (0.68) 38109)  01537(14 001} 039
BCC 73 (05) 34{08)  NA 3Z(0012) 2101 NA
sce 3(<0.1) 1{<01) NA 5(04) 4001} Na
Other 5C  1{<0.3) (<01} NA  Nma Mone  —
Tl SC 3007 51{13) 002 43(18) 101 025

! Data are number of cases (percent of study groug).

2 Significant differences between treatment groups [y testl are indicated as prob-
ablity values.

NA, Nonapplicabla,

regularly over time in women, with a higher incidence in the
antoxidant group (logrank rest, P = 0.02) (Fig. 2A). Among
men, the incidence of SC did not differ berween the treatment
groups (logrank test, P = (0.22). This differenrial effect according
to gender was confirmed by a Cox proportional hazard
regression model, in which there was a significant interaction
berween gender and wreatment group (P = 0.01) in addition to

A cumulative incidence (%)
2

== Women, placebo

— Women, antioxidant

-- Men, placebo af
— Men, antioxidant o

Follow=—up (years)

B cumulative incidence (%)
2

Follow—up (years)

C cumulative incidence (%)
2

Follow—up (years)

FIGURE 2 FKaplan-Meier curves for cumulative incidence of skin
cancers: all types of skin cancer (Al nonmelanoma skin cancer (B8);
and melanoma skin cancers (0). Placebofwomen: n = 3964; placeba/
men: 0 = 2572 antioxidantwomen: n = 3912, antioxidant/men: n =
2569. The 2 groups differed in the incidence of all SC (P = 0.0Z;
logrank test) and the incidence of MSC.(P = 0.01; logrank test.
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TABLE 3 Cox proportional hazard regression models for SC occurrence by gender

Women, n = 7876 Men, n=5141
o HR (95% CI) s n HR 95% CI) £

Uniariate analysis

Treatment group 7976 1.70 (108 267} 0021 5141 0.75 (0.48 1.19) 0z

Age, y 7874 1.06.(1.03; 110} =<0.0m 5141 1.08 {1.03, 1.13) 0.0015

Current smoking 7361 1.05 {056, 191} 087 4815 0.90 (0.48; 1.76) 078

Dwelling latitude, degree 7m 0.9 {088 1.10} 0.80 5025 1.00 (0:88, 1:12) 0.99

Lifetime sun exposure 5hd2 2.23 (128 395} 0.006 arast 1.38 (0,89, 267) 037
Multivariate analysis?

Treatment group 1.68 (106 265) nozm 0.69 (043 1.10) on

Age, v 1.06 (102 110} 0.001 1,08 (1.03; 1.13) 00017

Current smoking 1.21 (088221} 053 0.95 (0.49; 187} 08

Dwelling latitude, degree 0.97 (087 108} 057 0.98 {0.88: 1.10} 0.7

! Data were missing lo a variable extent for each variable (up to 28% for ifetime sun exposure] and the actual sample size is therafare

indicated for each variable.

2 The multivariate analysis was only conducted on the 12,004 subjects for whom data on all relevant varables were available.

P ility values were lated with the Wald test,

gender and trearment group effects (data not shown). Therefore,
subsequent analyses were conducted for each gender separarely.
Univariate and mulnivariate Cox proportional hazard regression
models were generated for the number of cases of all SC (Table 3).
In the univariate model, antioxidant treatment group (HR =
1.70; P=0.02), older age (HR = 1.06; P = 0.0005), and greater
liferime sun exposure (HR = 2.23; P = 0.006) were associated
with a higher probability of developing 5C in women. Trearment
group (adjusted HR = 1.68; P = 0.02) and age {adjusted HR =
1.06; P = 0.001) were retained as independent wvariables
associated with cancer risk in the muldvariate model. In men,
age was the only variable associated with increased cancer nisk
identified in either the univarate or the multivariare analysis
{(HR = 1.08; P = 0.001 in both cases).

Variables associated with the incidence of melanoma.
Actuarial survival analysis of the cumularive incidence of
melanoma was also performed (Fig. 2C). In women, the
difference berween the treatment groups increased regularly
over rime, with a higher incidence in the antioxidant group

{logrank test, P = 0.01), whereas the incidence of SC in men did
not differ berween groups (logrank test, P = 0.31). In women,
antioxidant trearment group was the only variable associared
with a higher probability of developing melanoma in both the
univariate (HR = 4.32; P = (.02} and mulavariate (adjusted
HR = 4.31; P = 0.02) Cox proportional hazard regression
models (Table 4). No such association was identified in men.

Variables associated with the incidence of NMSC. Accord-
ing to the actuarial survival analysis, the 2 treatment groups did
not differ in terms of the cumulative incidence of NMSC in
either women (logrank test, P = .17) or men (logrank test, P =
0.36) (Fig. 2B). In the umvariate Cox proportional hazard
regression model, older age (HR = 1.09; P = 0.0001) and
greater liferime sun exposure (HR = 2.19; P = 0.01) were
significantly associated with a higher probability of developing
SC in women, as was older age in men (HR = 1.08; P = 0.003)
(Table 5). In the multivariare model, only age was retained as an
associate variable (adjusted HR = 1.09; P = 0.0001 in women
and HR = 1.08; P = 0.004 in men).

TABLE 4 Cox proportional hazard regression models for melanoma occurrence by gender

Women, n = 7876 Men, n = 5141
n’ HR (35% CI) PR ' HR (95% CI) P
Univariate analysis
Treatment group 7876 432 (123;15.16) 002 5141 0.49 012 137] a3
Age, ¥ AT 095 (087, 1.02} 015 5141 1.09 {095 1.25) 022
Current smaking 7361 175 (056, 5.43) 033 4815 28071 1133 014
Dwelling latitude, degree m 112 (0.85: 1.48} 042 5025 093 1088 1.27) 085
Lifetima sun exposwre Ga42 236 (065, 8.56} 019 37t 1.42 0.7, 12.20) 074
Multivariate analysis®
Traatment giotip 4311231513} 002 0.49 {0.12 197) 032
Aga, ¥ 0.95(088; 1.03) 019 1.09 {095 1.13) 019
Current smaking 153 (0.49; 4.80) 046 306 1076 12.23) o
Dwelling latitude, degree 1.12 (0.85; 1.49) 04z 0.9 (068 127) 064

! Data were missing to a variable extent for each varable [upto 28% for ifetime sun exposurel and the actual sample size'is therefora

indicated for each variable.

# The multivariate anatysis was only conducted on the 12,004 subjects for whom data on all relevant vaniables were available.

ip ility values were caloulated with the Wald test,
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TABLE 5 Cox proportional hazard regression models for NMSC occurrence by gender

Women, n = 7876 Men, n = 5141
n' HR (95% CI) Pt o HR (5% CI) p3

Univariate analysis

Treatment group TEIG 1.41 (086 2.30) 017 5141 0.80(049; 1.29) 0.3

Age, y 7874 1.09 (1.05; 1.13) 00001 5141 1.08(103;1.13) 0.003

Current smaking 7361 0.89 {044 181) 075 4815 070032, 1.53} 0.3

Dwelling latitude, degree m 0.96 (085 108} 050 525 1.01{0.90; 1.14) 0.8

Lifetime sun exposura 5542 2.19 (1.16; 4.18) om 3791 1.35 (066, 2.75) 0.40
Multivariate analysis®

Treatment group 1.37 (083 228) 0220 0.72 (044, 1.18) 0.19

Age.y 1.09 (1.0% 113) 0.00m 1.08(102; 1.13} 0.004

Currant smaking 1.1 (054 2.27) 077 074034, 1.62) 044

Dwelling latitude, degree 0.94 (083 108} 029 099 (048, 1.12) 091

1 Data ware missing to a variable extent for each variable (up to 28% for lifetime sun exposurel and the actual sample size is therefore

indicated for each variable.
# The multivariate analysis was only on the 12,004

8 Probability values were calculated with the Wald test.

Discussion

This study describes the effect of treatment with a combination
of antioxidant nutrients on the incidence of 5C over a median
follow-up time of 7.5 y. In contrast to most of the interventional
primary prevention trials performed to date, which have used
pharmacological doses of individual antoxidants (or pairs of
ancioxidants), the current study nsed a combination of mineral
and vitamin antioxidants administered atr doses commenly used
as nutritional supplements in European couneries.

Our results show thar the effect of antioxidant supplemen-
tarion on the incidence of SC varies according to gender. The
incidence of all types of SC and melanomas was higher in the
group of women receiving antioxidant supplementation com-
pared with the placebo group. Such an effect was not observed in
men. These results can be compared with the main results of the
principal analysis of the SUVLMAX trial (14), which showed
that antioxidant supplementation was associated with a signif-
icant reduction in the overall incidence of all-site cancers in men
with no effect in women. It should, however, be noted that, in
the present analysis, the incidence of SC was lower in the men
receiving antioxidants, although this difference did nor reach
statistical significance. This may reflect underpowering of the
study for the detection of differences in the incidence of rela-
tively rare events such as SC.

Qur findings may be artributed in part to gender differences
in nurrient metabolism. Although the molecular basis for this
metabolic difference is poorly characterized, it may result from
hormone-sensitive expression of genes coding for cellular trans-
porters of vitamins and antioxidants involved in the merabolism
of carcinogens or in regulation of the cell cycle. For example, it
has been hypothesized that the relative importance of low sele-
ninm status as a risk factor for cancer mighr differ berween men
and women due to sex- or gender-related factors thar influence
tumor biology (25).

Gender-dependent differences in the handling of antioxidants
in the skin may also contribure to the effect of annoxidant
supplementation on SC incidence in women. For example,
women tend to have higher concentrartions of antioxidants in the
skin due to a higher intake of dictary vitamin C and B-carotene
and the presence of a larger reservoir of subcuraneous adipose
tissue in which to store lipophilic antioxidants such as B-carotene
(26). In our study, men had significantly lower average serum

for whom data on all relevant variables were available,

levels of several antioxidants, particularly B-carotene, than women.
This may be related to the capacirty of circulating B-carotene to
reflect recent or current carotenoid intake from dietary fruits and
vegetables (14,27), which may be lower in men.

The discrepancy berween our results and experimental data
in animals thar has suggested an anricarcinogenetic effect of
antioxidants with respect to SC may be explained by differences
in the timing of the intervention. In animal models of curaneous
carcinogenesis, the diet is enriched in antioxidants prior to
irradiation with UV-A or UV-B, leading to a predominantly
beneficial effect of trearment on DNA protecrion. In conrrast, in
the SU.VLMAX trial and related primary prevention studies,
antioxidants are given only after many years of exposure to
sunlight or other risk factors. Ar this stage, it may be too late
for antioxidants to prevent DNA damage, whereas increased
antipxidant exposure might exert a negarive influence on
anticumoral immunity, angiogenesis, or apoptosis. For example,
antioxidants have been reported to interfere with the ability of
natural killer lymphocytes to destroy tumor cells in animal
models {28). This derrimental effecr late in the disease process
might explain why we ebserved a more pronounced effect upon
melanoma, which requires a longer time frame over which to
develop compared with other SC types and is presumed to be
mainly induced by exposure to solar radiation during infancy.
For other SC types, a protective effect of andoxidanes with
respect to sun exposure during the time of the study could
counterbalance a detrimental effect on the development of
preexisting precancerous lesions induced before the trial began,
which could explain the absence of effect of antioxidant
supplementation observed in our study.

Previous observational surveys, which have evaluared the
relarionship berween antioxidant status, estimated by serum
biomarkers, and the risk of SC have yielded conmradicrory
resules. Some studies reported a negatve associarion between

serum levels of a-tocopheral, carorenoids, or selenium and the
risk of melanoma or NMSC (29-31), whereas others did nor find
any such protective effect (32-35). In contrast, a recent Italian
study of a community-based cohort reported thar the incidence
rate of meclanoma was nearly 4 dmes higher in individuals
exposed to a high selenium intake (provided by rap warer) than
in unexposed individuals (36). Several large randomized trials
evaluating the impact of S-carotene supplementarion did not
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reveal any beneficial effect on the development of SC in
community-based popularions (9,32-34,37,38) or in parients
with antecedents of NMSC (39).

In addition, some trials have evaluated gender effects with
respect to the potential benefits of dietary supplementarion with
individual antioxidants. For example, in the Nutritional Pre-
vention of Cancer study, the initial data analysis showed that
the beneficial effect of supplementarion with selenium on the
incidence of all rypes of cancer was restricted o men, specifically
to those with the lowest baseline serum selenium concentrations
(12). This differential effect of selenium supplementarion ac-
cording ro gender is consistent wirh the resules of previous case-
control studies (40) and prospecrive studies conducred on all
types of cancers (41).

There are several merhodological limitations to the present
study. For example, BCC occurrence was not considered as a
primary endpoint within the framework of the SUVL.MAX core
trial and our analysis thus corresponds to a post hoc analysis. In
addition, the pertinence of the analysis of the incidence of mela-
noma is limired by the small number of cases.

In conclusion, our findings suggest thar dietary supplemen-
tation with vitamins and trace element antioxidants may not
always provide beneficial effects. This issue is important, given
the vast quantiries of anrioxidanr pills thar are sold in cerrain
counrries. This is parricularly rrue among sunseekers and
women in northern countries, where the use of such pills is
reputed to prevent solar damage to the skin. In this respect, our
study indicares that regular intake of such nutrients, especially at
doses taken by consumers of supplements in northern countries,
may be associated with harmful effecrs. Clearly, high doses of
specific nutrients given to middle-aged adults over a period of
several years do not have an equivalent biological impact to the
lifelong intake of a broad palerre of nurrients from a well-
balanced diet. It therefore appears crucial to better define the
safety profile of such nutrients to be able to assess accurately the
risk-benefic relationship associated with their use as dietary
supplements.
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ABSTRACT

Context: In the SU.VL.MAX study, antioxidant supplementation for 7.5 years was found to
increase skin cancer risk in women but not in men.

Objective: To investigate the potential residual or delayed effect of antioxidant supplemen-
tation on skin cancer incidence after a 5-year post-intervention follow-up.

Design, setting and participants: Assessment of skin cancer including melanoma and non-
melanoma during the post-intervention follow-up (September 2002-August 2007). The
SUVLMAX study was a double-blind, placebo-controlled, randomised trial, in which
12,741 French adults (7713 women aged 35-60 years and 5028 men aged 45-60 years)
received daily a placebo or a combination of ascorbic acid (120 mg), vitamin E (30 mg), p-car-
otene (6 mg), selenium (100 pg) and zinc (20 mg), from inclusion in 1994 to September 2002.
Main outcome measures: Total skin cancer incidence, including melanoma, squamous cell
carcinoma and basal cell carcinoma.

Results: During the post-intervention period, 10 melanomas appeared in women and 9
in men (26 and 18, respectively, for the total period of supplementation + post-supple-
mentation). Six squamous cell carcinomas were found in women and 15 in men (10
and 25, respectively, for the total period). Finally, 40 basal cell carcinomas appeared
in women and 36 in men (98 and 94, respectively, for the total period). Regarding
potential residual or delayed effects of supplementation in women, no increased risk
of melanoma was observed during the post-intervention follow-up period. No delayed
effects, either on melanoma or non-melanoma skin cancers, were observed for either
gender.

“ Trial Registration clinicaltrials.gov Identifier: NCT00272428.
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Conclusions: The risk of skin cancers associated with antioxidant intake declines follow-

ing interruption of supplementation. This supports a causative role for antioxidants in

the evolution of skin cancers.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Skin cancers (SC) are the most common malignancies occur-
ring in Caucasian populations.’ During the last decades,
the steadily increasing incidence of skin cancers has brought
much attention to the process by which these tumours devel-
op and how they can be prevented. Skin is constantly exposed
to ultraviolet (UV) radiation as well as to an array of environ-
mental pollutants, such as components of cigarette smoke,
which lead to the production of reactive oxygen species
(ROS).* This phenomenon is responsible for accelerated sun-
induced cutaneous changes (photoaging) in the areas exposed
to UV radiation. Moreover, ROS are considered as potent
inducers of structural alterations in DNA leading to muta-
tions, the first step in tumour development.® Consequently,
agents that inhibit ROS formation or activity may potentially
enhance endogenous defence systems and thus prevent or re-
verse photodamage. Although clinical trials have provided
contradictory findings concerning their efficacy, oral antioxi-
dant pills have been proposed for the prevention of sunbum
and for their supposed photoprotective properties.®

However, in contrast with this hypothesis, the results of
the SU.VLMAX study indicated a significantly higher inci-
dence of total skin cancers and melanomas in the group of
women receiving a combination of antioxidants compared
to placebo after a median follow-up time of 7.5 years.
Conversely, in men, no significant differences were found
between the treatment groups.” In order to investigate possi-
ble residual or delayed effects of antioxidant supplementa-
tion on skin cancer incidence, the SUVI.MAX cohort was
followed-up 5 years after the end of the double-blind supple-
mentation period.

2. Patients and methods

2.1. Study design and population

The study rationale, design, methods, study sample, end-
point ascertainment and initial iindings of the SUVLMAX
trial have been reported elsewhere . Briefly, the target popu-
lation was a sample of adults aged at inclusion between 35
and 60 years for women and between 45 and 60 years for
men recruited from the French general population in France.
The SU.VL.MAX study used a randomised, double-blind, pla-
cebo-controlled design. The participants were randomised
to take a capsule containing a combination of antioxidants
(120 mg vitamin C (sodium ascorbate), 30 mg vitamin E (pL-u-
tocopherol), 6 mg p-carotene, 100 pg selenium (selenium-en-
riched yeast) and 20 mg zinc (zinc gluconate) or a matching
placebo, in a single daily oral capsule. A total of 13,017 volun-
teers, 7876 women and 5141 men, were included and ran-
domly allocated. The participants entered the trial between

12th October 1994 and 30th April 1995. Of these, 270 subjects
(2%: 115 in the antioxidant group and 155 in the placebo
group) withdrew their written consent within 3d of enrol-
ment because they could not meet the constraints of the
protocol. In addition, six subjects were excluded from the
study as they did not fall within the specified age range. Thus,
12,741 subjects (7713 women aged 46.6 + 6.6 years and 5028
men aged 51.3+ 4.7 years) contributed to the analyses. The
primary analyses were performed on outcome events vali-
dated on 1st September 2002 (median follow-up time of
7.5 years). At the end of the intervention phase, the partici-
pants were informed of the results of the trial. No recommen-
dations were given concerning the use of supplements, but
about having a balanced diet with at least five fruits or vege-
tables daily. Participants who were still alive at the end of the
supplementation period (1st September 2002) and who had
not dropped out of the study or been lost to follow-up
(n =11 054) were asked to participate in the post-supplemen-
tation follow-up. Subjects have now been followed up for an
additional 5 years (until the 1st September 2007), up to a total
period of 13 years since beginning enrolment.

The protocol was approved by a medical ethics committee
and the National Committee for the Protection of Privacy and
Civil Liberties.

2.2. Follow-up during the post-intervention period

During the post-intervention follow-up, all major health
events were identified from the 6-monthly questionnaires
returned by the participants and from all additional informa-
tion provided spontaneously by participants or their kin. Once
a possible skin cancer was suspected, all relevant records,
including results of diagnostic tests, procedures and pathol-
ogy reports, were collected from the physicians and hospitals
involved, or directly from the participants. End-points were
validated only after review of all relevant information by a
committee of specialised physicians who were blinded for
supplementation assignment.

2.3.  Study outcomes

The outcomes considered in the present analysis were all-
stage melanoma, squamous cell carcinoma (SCC) of the skin,
basal cell carcinoma (BCC) and other types of SC (Interma-
tional Classification of Diseases, 10th revision, Clinical Modi-
fication [ICD-10-CM], codes C43, C44, D03, D04). Moreover, all
possible SC were removed surgically and evaluated by histo-
pathology to ascertain the diagnosis. The pathologist's re-
ports were subsequently reviewed by an expert committee
of dermatologists, who were unaware of the treatment
assignment. Whatever the original source of information,
once an event was suspected, all relevant records, including
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results of diagnostic tests and procedures, were collected
from physicians, hospitals or directly from the participants.

2.4. Statistical methods

Statistical analyses were performed using SAS" software ver-
sion 9.1.3 (SAS Institute Inc., Cary, NC).

Separate analyses were performed for each type of SC
(BCC, SCC and melanoma). A subject with more than one can-
cer of a specific type was taken into account only once (only
the first cancer occurrence), but if two different types of SC
were identified, the subject was included for each type of can-
cer in the analysis. The duration of follow-up for each partic-
ipant was defined as the time from randomisation until the
occurrence of the first event (diagnosis of skin cancer, death

or date of last contact). The analysis was conducted under
the intention to treat principle. Due to the differential effects
of antioxidant supplementation according to gender found
during the intervention period,”? all subsequent analyses
were performed by gender.

The frequency of SC was described by treatment group
(antioxidant group and placebo group) using the FREQ proce-
dure, option CHISQ or EXACT. The proportion of volunteers
remaining event-free since randomisation was described
using Kaplan-Meier survival analysis and compared between
groups using the log-rank test.™ These descriptive analyses
were performed for both the intervention period and total
period.

To test the effect of possible confounding factors
(smoking status, dwelling latitude, sunburm during childhood,

able 1 - Characteristics of the study population.

n Women Men
Placebo Antioxidant p Placebo Antioxidant p
3964 3912 2572 2569

Age, mean (SD), years 471 (6.6) 47.1 (6.6) 1.00 51.8(4.7) 51.8 (4.6) 0.99
Dwelling latitude, mean (SD), ° 47.1(1.9) 471 (19) 0.77 47.0 (2.0) 47.0 (2.0) 0.73
Body mass index, mean (SD), kg/m? 229 (3.6) 2238 (3.5) 044 252(3.0)0 252(3.0) 0.84
Smoking status, % 0.89 0.83

Never 54.7 545 345 33.6

Former 29.1 28.9 50.2 50.9

Current 16.1 16.5 15.3 15.4
Phototype® (I and II versus III and IV), % 34.3 33.9 077 171 19.1 0.13
Severe lifetime sun exposure® (yes versus no), % 11.1 11.6 054 121 12.5 0.74
Severe sunburn during childhood® (yes versus no), %  29.1 282 046 299 295 0.79
Severe sunburn during adulthood® (yes versus no), %  28.9 29.6 0.57 247 24.4 0.85

2 Fitzpatrick classification®; data were available for 5432 women and 3668 men.

b Data were available for 5428 women and 3693 men.

¢ Data were available for 5542 women and 3751 men for sunbum during childhood and for 5010 women and 3426 men for sunburn during

adulthood.

able 2 - Occurrence of skin cancers by gender and treatment group.

Cancer type Women p° Men p©
Placebo Antioxidant Placebo Antioxidant
N = 3964 N = 3912 N=2572 N = 2569
Basal cell carcinoma
Intervention period® 24 (0.6%) 34 (0.9%) 0.17 32 (1.2%) 26 (1.0%) 0.43
Post-intervention period” 21 (0.6%) 19 (0.6%) 0.75 15 (0.7%) 21 (0.9%) 0.40
Total period® 45 (1.1%) 53 (1.4%) 0.38 47 (1.8%) 47 (1.8%) 1.00
Squamous cell carcinoma
Intervention period® 3 (0.1%) 1 (<0.1%) 0.62 6 (0.2%) 4 (0.2%) 0.75
Post-intervention period® 3 (0.1%) 3 (0.1%) 1.00 6 (0.3%) 9 (0.4%) 0.60
Total period® 6 (0.2%) 4 (0.1%) 0.75 12 (2.1%) 13 (2.3%) 0.84
Melanoma
Intervention period® 3 (0.1%) 13 (0.3%) 0.0114 6 (0.2%) 3 (0.1%) 0.51
Post-intervention period” 6 (0.2%) 4 (0.1%) 0.54 4 (0.2%) 5 (0.2%) 1.00
Total period® 9 (0.2%) 17 (0.4%) 0.11 10 (0.4%) 8 (0.3%) 0.64

# Number of cases (% of study group participants).
" Number of cases (% of follow-up participants).
¢ Probability value (32 test or Fisher's exact test, as appropriate).
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phototype, self-assessed lifetime sun exposure on the out-
comes), a series of Cox regression models adjusted for age
was performed using the PHREG procedure. Age-adjusted
hazard ratios (adjusted HR) with their 95% confidence inter-
vals (95% CI) were estimated from these models.

A possible residual or delayed effect of antioxidant supple-
mentation during the post-intervention period was tested
using multivariate Cox regression models with treatment as
a time-dependent variable adjusted for confounding variables
according to the following equation®

h(t) = ho(t) = exp(f; treatment(t) + i, group + fiiZ)

In the model, the ‘Treatment(t)’ variable was defined as
antioxidant supplementation (yes or no) and the ‘Group’ var-
iable as the original randomisation group (antioxidant or pla-
cebo group). The ‘Treatment(t)’ variable was always equal to 0
for the subjects in the placebo group whatever the period,
whereas, for the subjects in the antioxidant group, it was
equal to 1 during the intervention period and equal to 0 dur-
ing the post-intervention period. The variable ‘Group’ was
equal to 1 for the subjects in the antioxidant group and was
equal to O for the placebo group. Thus, the relative risk of
the variable ‘Group’ corresponds to the residual or late effect
of the supplementation during the post-intervention period.
The term ‘Z’ was the set of possible confounding factors.
The results are expressed as relative risks (RR), adjusted for
confounders, together with their 95% CL

3. Results

3.1. Study sample characteristics

As described previously,® the antioxidant and placebe groups
were balanced for most baseline variables, notably smoking
habits, body mass index (BMI), Fitzpatrick phototype'® and
items related to sun exposure (Table 1).

During the post-intervention phase, 271 subjects withdrew
consent or were lost to follow-up (follow-up time: 1.4+
1.6 years) and 158 subjects died. The median follow-up time
was 12.5 years for a total of 138,616 person—years (68,576 in
the antioxidant group and 70,040 in the placebo group).

3.2. Incidence of BCC

The frequency of BCC is presented in Table 2. At the end of the
intervention period, 116 subjects, 58 women and 58 men, pre-
sented a validated case of BCC. In women, the frequency of
BCC was 0.9% in the antioxidant group, compared to 0.6% in
the placebo group. Five years later, the total number of subjects
with a BCC had increased by 76-192 subjects (98 women and 94
men). The cumulative incidence of BCC according to treatment
group and genderis presented inFig. 1A and B. Duringthe post-
intervention period, the cumulative incidence curve for the
antioxidant group remained above the placebo group in both
genders, although the inter-group difference appeared to de-
crease after 5years of follow-up. The between-group effect
over the total period (1994-2007) was not significant for either
gender (log-rank tests: p=0.47 for women and p =0.87 for
men). Table 3 presents the results of the Cox regression

analysis. For both genders, no significant residual or delayed
effect of supplementation was found on the risk of BCC during
the post-intervention period (RR =0.70 [95% CIL: 0.48-1.65] for
women; 1.22 [0.64-2.33] for men).

3.3. Incidence of SCC
Fourteen subjects (4 women and 10 men) presented a SCC at

the end of the intervention peried, and 35 subjects (10 women
and 25 men), at the end of the post-intervention period

Ta

€

@

o

=

@

=

o

£

o

2

5

=3

£

=

(8]

L
012345678 910111213

Follow—up (years)

a.

2 B

@

[+]

5 o

..92

]

£

)

2

E 1

3

£ i

3

o
01234567 8 91111213

Follow=up (years)

aﬁ

@ Cc

@

o

& 5l

:52

]

E

2

51

=

£

3

L8]
Q=== | B R |

01234567389 10111213
Follow—up (years)

Fig. 1 - Cumulative incidence over the entire study period
(intervention and post-intervention) of: (A) basal cell carci-
noma; (B) squamous cell carcinoma of the skin, and (C)
melanoma.
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able 3 - Residual or delayed effect of antioxidant supplementation during the post-intervention period for each skin cancer,

by gender.
Cancer type Placebo Antioxidant Relative risk (95% CI) p
n
Basal cell carcinoma
Men 47 47 1.22 (0.64-2.33) 0.54
Women 45 53 0.70 (0.48-1.65) 0.70
Squamous cell carcinoma
Men 12 13 1.38 (0.49-3.84) 0.54
‘Women 6 4 0.95 (0.19-4.67) 0.95
Melanoma
Men 10 8 1.15 (0.31-4.27) 0.83
‘Women 9 17 0.64 (0.18-2.27) 0.49

Relative risks refer to the residual treatment effect during the post-intervention period as described in Section 2.

(Table 2). The cumulative incidence curves of the antioxidant
group and the placebo group are presented in Fig. 1C and
D. These curves crossed over during the follow-up period for
both genders. The between-group effect for the total period
(1994-2007) was not significant for either gender (log-rank
test: p=0.50 for women, p=0.93 for men). No significant
effect of supplementation was found on the risk of SCC
during the post-intervention period for either gender
(RR = 0.95 [95% CI =0.19-4.67] for women; 1.38 [0.49-3.84] for
men) (Table 3).

3.4. Incidence of melanoma

At the end of the intervention period, the total number of sub-
jects with a melanoma was 25 (16 women and 9 men). In wo-
men, the frequency of melanoma was significantly higher in
the antioxidant group than in the placebo group (Table 2).
At the end of the post-intervention study, the total number
of subjects with a melanoma skin cancer was 44 (26 women
and 18 men) and, for women, the frequency of melanoma
was higher in the antioxidant group than in the placebo
group, although this difference was not significant. Fig. 1E
and F present the cumulative incidence of melanoma. In wo-
men, the difference between the treatment groups increased
over time, with a numerically, but not significantly, higher
incidence in the antioxidant group (log-rank test: p =0.13),
whereas the incidence was comparable in men (log-rank test:
p =0.57). A significant residual or delayed effect of supple-
mentation on the risk of melanoma during the post-interven-
tion period was not seen for either gender (RR=0.64 [95%
CI=0.18-2.27] for women and 1.15 [0.31-4.27] for men)
(Table 3).

4, Discussion

In the original analysis of skin cancer risk in the SUVIL.MAX
trial, an excess risk of skin cancers was found in the antioxi-
dant treatment group in women.” The present analysis shows
that this elevated risk recedes when antioxidant supplemen-
tation is stopped. This observation argues in favour of a caus-
ative role of supplementation in the appearance of skin

cancers reported in the original study. In addition, the post-
intervention follow-up period did not reveal any delayed pro-
tective effects of supplementation on skin cancer.

Our results are at least partly consistent with previous
lung cancer prevention trials performed in a community set-
ting, which have assessed the impact of supplementation
with antioxidants and conducted a follow-up post-interven-
tion extension.™'® Both for these lung cancer studies, and
for skin cancer in the SU.VLMAX study, the rapidity with
which tumour incidence rises following initiation of vitamin
or antioxidant supplementation, suggests an effect on the
growth of pre-clinical tumours, rather than induction of de
novo tumours.'® Indeed, it is unlikely that tumours of the skin
may develop over a time period as short as the supplementa-
tion periods of these trials.* This is particularly the case for
melanoma, whose earliest pathogenetic events are believed
to occur early in life with a very long subclinical silent period.
Moreover, in all these studies, the elevated risk of cancer de-
clined after stopping the supplementation, over a 4-year per-
iod in the lung cancer trials and over 5 years in the SUVL.MAX
trial.

Our findings of risk differences between men and women
should be interpreted with caution because of the relatively
small number of events within subgroups of skin cancer.
However, in a recent review it has been proposed that gender
differences in oxidative stress caused by radical oxygen spe-
cies (ROS) may underlie survival differences between male
and female for melanoma as it is firmly recognised that males
express lower amounts of anti-oxidant enzymes, resulting in
more oxidative stress than females.” Other hypotheses to ex-
plain this difference are that women may have more skin fat
tissue in which antioxidants and vitamins are stored®*® as
well as hormonal factors may also influence susceptibility
to skin cancers.'®?°

Despite a large body of knowledge on cell-culture systems
and in animal models demonstrating substantial efficacy,**
previous studies of prevention strategies based on the adminis-
tration of antioxidants to restore free-radical homeostasis, have
so far failed to provide unequivocal evidence that any antioxi-
dant agent or strategy is effective in preventing oxidative
injury-mediated carcinogenesis in human populations.®121-23
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Arecentmeta-analysis of randomised clinical trials concluded
that there was no evidence to support a preventive effect of
antioxidant supplementation on cancer and cautioned that
this may in certain cases be harmful >* One possible explana-
tion for the contradictory results in such trialsisthatthe genet-
ic background may be a confounding factor for cancer
development.’ In light of these disappointing findings, it
was subsequently shown in studies assessing the growth of
various tumour cells in vitro that the efficacy of certain antitu-
moural drugs was actually diminished in the presence of anti-
oxidants.® Hence, most drugs used for the treatment of
cancers proceed through the production of ROS.% It is possible
that for cancers with a long preclinical development period,
such as melanoma, antioxidants interfere with scavenging of
pre-clinical tumour cells by macrophages releasing ROS.
Further research on ROS containing pathways, genetic suscep-
tibility, pharmacokinetics, skin bioavailability and concentra-
tions are issues still to be addressed in order to elucidate the
overall impact of ROS pathways on carcinogenesis.

The principal limitation of this study is the relatively low
number of events, due to the low overall incidence of mela-
noma,”® which compromises the precision with which the
risk can be determined. A further limitation that should be
noted is that the analysis of the incidence rates of confirmed
BCC was performed post hoc. Finally, we have no explicit data
on any possible voluntary antioxidant intake during the post-
intervention follow-up period, even though this was not
encouraged by the study investigators at the end of the SU.-
VIMAX trial.

In conclusion, the current study demonstrated that the
risk of skin cancers associated with antioxidant intake de-
clined following interruption of supplementation. This
supports a causative role for antioxidants in the evolution
of skin cancers. Systematic antioxidant supplementation
should be avoided in at-risk individuals for skin cancers, such
as those with a lifetime history of excessive sun exposure,
since it may be harmful to them.

Author contributions

Dr.(s)/Pr.(s) Ezzedine, Hercberg, Galan, Kesse-Guyot, Malvy
had full access to all of the data in the study and take(s) full
responsibility for the integrity of the data and the accuracy
of the data analysis.

Study concept and design: Dr.(s)/Pr.(s) Ezzedine, Hercberg,
Galan, Guinot, Malvy

Acquisition of the data: Dr.(s)/Pr.(s) Ezzedine, Hercberg,
Galan.

Analysis and interpretation of the data: Dr.(s)/Pr.(s) Ezzedine,
Latreille, Kesse-Guyot, Galan, Hercberg, Guinot, Malvy.

Drafting of the manuscript: Dr.(s)/Pr.(s) Ezzedine, Malvy,
Guinot.

Critical revision of the manuscript for important intellec-
tual content: Dr.(s)/Pr.(s) Hercberg, Galan, Kesse-Guyot.

Statistical analysis: Dr.(s)/Pr.(s) Guinot, Latreille, Ezzedine,
Malvy.

Obtained funding: Dr.(s)/Pr.(s) Hercberg, Galan.

Administrative, technical, or material support: Pr. Hercberg.

Study supervision: Pr. Hercberg.

Conflict of interest statement

None declared.

REFERENCES

1. de Vries E, van de Poll-Franse LV, Louwman WJ, de Gruijl FR,
Coebergh JW. Predictions of skin cancer incidence in the
Netherlands up to 2015. Br ] Dermatol 2005;152:481-8.

2. De Vries E, Louwman M, Bastiaens M, de Gruilj F, Coebergh JW.
Rapid and continuous increases in incidence rates of basal
cell carcinoma in the southeast Netherlands since 1973. ]
Invest Dermatol 2004;123:634-8.

3. MacKie RM, Hauschild A, Eggermont AM. Epidemiology of
invasive cutaneous melanoma. Ann Oncol 2009;20(Suppl. 6):
vil-7.

4. Bickers DR, Athar M. Oxidative stress in the pathogenesis of
skin disease. ] Invest Dermatol 2006;126:2565-75.

5. Sander CS, Chang H, Hamm F, Elsner P, Thiele JJ. Role of
oxidative stress and the antioxidant network in cutaneous
carcinogenesis. Int ] Dermatol 2004;43:326-35.

6. Césarini JP, Michel L, Maurette JM, Adhoute H, Béjot M.
Immediate effects of UV radiation on the skin: modification
by an antioxidant complex containing carotenoids.
Photodermatol Photoimmunol Photomed 2003;19:182-9.

7. Hercberg S, Ezzedine K, Guinot C, et al. Antioxidant
supplementation increases the risk of skin cancers in women
but not in men. ] Nutr 2007;137:2098-105.

8. Hercberg S, Preziosi P, Briancon S, et al. A primary prevention
trial using nutritional doses of antioxidant vitamins and
minerals in cardiovascular diseases and cancer in a general
population: the SU.VIL.MAX study-design, methods and
participant characteristics. Control Clin Trials 1998;19:336-51.

9. Hercberg S, Galan P, Preziosi P, et al. Study: a randomized
placebo-controlled trial of the health effects of antioxidant
vitamins and minerals. Arch Intern Med 2004;164:2335-42.

10. Armitage P. Tests for linear trends in proportion and
frequencies. Biometrics 1955;11:375-86.

11. Borgan O. Kaplan-Meier estimator. In: Armitage P, Colton T,
editors. Encyclopedia of biostatistics, vol. 3. Chichester,

UK: John Wiley & Sons; 1998. p. 2154-60.

12. Christensen E, Schlichting P, Andersen PK, et al. Updating
prognosis and therapeutic effect evaluation in cirrhosis with
Cox’s multiple regression model for time-dependent
variables. Scand ] Gastroenterol 1986;21:163-74.

13. Fitzpatrick TB. The validity and practicality of sun-reactive
skin types I through VI. Arch Dermatol 1988;124:869-71.

14. Virtamo J, Pietinen P, Huttunen JK, et alATBC Study Group.
Incidence of cancer and mortality following alpha-tocopherol
and beta-carotene supplementation: a postintervention
follow-up. JAMA 2003;290:476-85.

15. Goodman GE, Thornquist MD, Balmes J, et al. The Beta-
Carotene and Retinol Efficacy Trial: incidence of lung cancer
and cardiovascular disease mortality during 6-year follow-up
after stopping beta-carotene and retinol supplements. ] Natl
Cancer Inst 2004;96:1743-50.

16. Zanetti R, Rosso S, Martinez C, et al. Comparison of risk
patterns in carcinoma and melanoma of the skin in men: a
multi-centre case-case-control study. Br ] Cancer
2006;94:743-51.

17. Joosse A, De Vries E, van Eijck CH, et al. Reactive oxygen
species and melanoma: an explanation for gender differences
in survival? Pigment Cell Melanoma Res 2010;23:352-64.

18. Russell RM. The enigma of beta-carotene in carcinogenesis:
what can be learned from animal studies. ] Nutr
2004;134:2625-8S.

211



3322

EUROPEAN JOURNAL OF CANCER 46 (2010) 3316-3322

18,

20.

21

22

23

Huber JC, Schneeberger C, Tempfer CB. Genetic modelling of
the estrogen metabolism as a risk factor of hormone-
dependent disorders. Maturitas 2002;42:1-12.

Waters DJ, Chiang EC, Cooley DM, Morris JS. Making sense of
sex and supplements: differences in the anticarcinogenic
effects of selenium in men and women. Mutat Res
2004,551:91-107.

Bjelakovic G, Nikolova D, Gluud LL, Simonetti RG, Gluud C.
Mortality in randomized trials of antioxidant supplements for
primary and secondary prevention: systematic review and
meta-analysis. JAMA 2007;297:842-57.

Schaumberg DA, Frieling UM, Rifai N, Cook N. No effect of
beta-carotene supplementation on risk of nonmelanoma skin
cancer among men with low baseline plasma beta-carotene.
Cancer Epidemiol Biomarkers Prev 2004;13:1079-80.
Duffield-Lillico AJ, Slate EH, Reid ME, et al. Nutritional
Prevention of Cancer Study Group. Selenium
supplementation and secondary prevention of nonmelanoma

24.

78

26.

27

28.

212

skin cancer in a randomized trial. ] Natl Cancer Inst
2003;95:1477-81.

Myung SK, Kim Y, Ju W, Choi HJ, Bae WK. Effects of
antioxidant supplements on cancer prevention: meta-
analysis of randomized controlled trials. Ann Oncol
2010;21:166-79.

Kostner K, Denzer N, Miiller CS, et al. The relevance of
vitamin D receptor (VDR) gene polymorphisms for cancer: a
review of the literature. Anticancer Res 2009;29:3511-36.
Rigas B, Sun Y. Induction of oxidative stress as a mechanism
of action of chemopreventive agents against cancer. BrJ
Cancer 2008;98:1157-60.

Wondrak GT. Redox-directed cancer therapeutics: molecular
mechanisms and opportunities. Antioxid Redox Signal
2009;11:3013-69.

Grange F. Epidemiology of cutaneous melanoma: descriptive
data in France and Europe. Ann Dermatol Venereol
2005;132:975-82.



Annexe 9. Article sur variants du gene MC1R et eaulde la

peau

MC1R gene polymorphism affects skin color measuredly reflectance in a
population of French adult women

Latreille J Ezzedine K, Elfakir A, Ambroisine L, Gardinier Galan P, Hercberg S, Gruber|F,
Rees J, Tschachler E, Guinot C
Photochem Photobiol, 2009, 85, 1451-58

213



Photochemistry and Photobiology, 2009, 85: 1451-1458

MC1R Gene Polymorphism Affects Skin Color and Phenotypic Features
Related to Sun Sensitivity in a Population of French Adult Women

Julie Latreille’, Khaled Ezzedine®?, Anissa Elfakir', Laurence Ambroisine’, Sophie Gardinier,
Pilar Galan®, Serge Hercberg®, Florian Gruber*, Jonathan Rees®, Erwin Tschachler"*

and Christiane Guinot*'®

'CE.R.I.E.S. (Research Centre on Human Skin founded by CHANEL), Neuilly sur Seine, France
2Department of Dermatology and National Centre for Rare Skin Diseases, CHU St-André, Bordeaux, France
2UMR U557, INSERM/U1125 INRA/CNAM, University Paris 13/Centre de Recherche en Nutrition

Humaine, lle-de-France, Bobigny, France

“Department of Dermatology, Medical University of Vienna, Vienna, Austria
5Department of Dermatology, University of Edinburgh, Edinburgh, UK
SComputer Science Laboratory, Ecole Polytechnique, University Frangois Rabelais of Tours, Tours, France

Received 13 October 2008, accepted 23 April 2009, DOI: 10.1111/}.1751-1097.2009.00594.x

ABSTRACT

The melanocortin-1 receptor (MCIR) gene is known to play a
major role in skin and hair pigmentation and to be highly
polymorphic in Caucasians. This study was performed to
investigate the relationships between MCIR gene polymorphisms
and skin color in a large sample of French middle-aged
Caucasian women. The codons 60 to 265 and the codon 294 of
the MCIR gene were sequenced in 488 women. The skin color
was measured on the inner side of the forearm using a
spectrophotometric instrument. Fifteen variants were identified:
Argl51Cys, Argl60Trp, Argl42His, Asp294His, Ilel55Thr,
Asp84Glu, Val60Leu, Val92Met, Argl63Gln, Ser83Pro,
Thr95Met, Pro256Ser, Val265lle, Alal66Ala and GIn233Gln.
Women carrying Argl51Cys, Asp294His, Argl60Trp and
Asp84Glu variants had a significantly higher reflectance in the
red region, which indicates a lower level of functional melanin.
This association was the most pronounced for women carrying
Asp84Glu. In contrast, no significant difference was observed for
other variants. Moreover, associations between MCIR poly-
morphisms and the risks of experiencing sunburn and of having
freckles were found independently of skin color. Qur findings
support the hypothesis that MCIR polymorphisms do not
necessarily alter the skin color but should sensitize the skin to
UV-induced DNA damage.

INTRODUCTION

Hemoglobin and melanin are among several molecules that
influence human skin color. Variation in skin pigmentation
can be explained by the amount and type of melanin,
eumelanin and phaemelanin, as well as the number, size and
distribution of melanosomes (1,2). The melanocortin-1 recep-
tor (MCIR) is a 317 amino acid G-protein-coupled receptor,
whose activation by o-melanocyte stimulating hormone

*Corresponding auther email: christiane.guinot(@ ceries-lab.com
(Christiane Guinot)
© 2009 The Authors. Journal Compilation. The American Society of Photobiclogy 0031-8655/09
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(2-MSH) leads to transcription of microphthalmia transcrip-
tion factor (3). This in turn activates the transcription of a
number ol enzymes involved in melanin synthesis, leading
eventually to upregulation of the synthesis of eumelanin (4.5).

The MCIR gene (MIM# 155555), which is localized on
chromosome 16q24.3, is the first gene that has been identified
to play a major role in determining skin pigmentation in
normal Caucasian populations (6). This gene is highly poly-
morphic and diminished function alleles of the MC/R gene are
associated with a switch from synthesis of eumelanin to
synthesis of phacomelanin in follicular melanocytes (7.8).

Previous authors have reported a link between fair skin
and various alleles, 7.e. Argl42His, Argl51Cys, Argl60Trp,
Asp294His, Asp84Glu and llel 55Thr (3,9-16). In these studies,
the skin color was generally assessed using clinical scales (such as
dark, medium, light) or through sun sensitivity using Fitzpa-
trick’s skin type. These scales are often used because they are well-
known and easy to fill out, but they provide only indirect
assessment of the skin pigmentation. Instrumental methods, such
as diffuse reflectance spectroscopy, are recognized to provide a
more objective assessment of skin pigmentation based on the
spectral reflectance of the skin at each wavelength across the
visible waveband (17-20). However, studies using these instru-
mental methods to investigate the association with M C/R gene
variants are rare and based on restricted wavelengths (14-16).

Thus, the principal objective of our study was to investigate
the relationships between the MCIR gene polymorphisms and
the skin color assessed objectively by reflectance spectroscopy
taking into account the information of the whole spectrum.
The second objective was to study the links of these polymor-
phisms with phenotypic features related to sun sensitivity in a
large sample of French middle-aged Caucasian women.

MATERIALS AND METHODS

Study population. This study was performed in the context of the
SU.VIMAX cohort (SUpplémentation en VItamines et Minéraux
Anti-oXydants), a longitudinal national study conducted in France,
which investigated the relationships between nutrition and health in
the context of the most prevalent chronic illnesses in industrialized
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countries. The design, objectives and methodology of this study are
described in detail elsewhere (21,22). The SU.VI.MAX study was
approved by the ethical committee for studies in human subjects
(CCPPRB no. 706) of Paris-Cochin, and the “Comité National
Informatique et Liberte” (CNIL no. 334641) which is responsible for
data confidentiality. The SU.VIL.MAX cohort included 13 017 subjects
representative of the French adult middle-aged population for most
sociodemographic features. The electronic data capture and storage
system provided an opportunity to conduct cross-sectional surveys.

This cross-sectional study was conducted from October 2002 to
January 2003. All the women from Paris area were requested to
participate in this research. Among them (n = 2257), 570 women,
aged 44-70 years, agreed to take part in this study and provided
informed consents. These women were asked to follow strict skin care
instructions. In particular, they did not apply any cosmetic or makeup
during the 12 h prior to reflectance measurements.

Eighty-two women were excluded from the analysis due to major
protocol violations, which could have a possible impact on the skin color
measurement, and some technical problems: recent UV exposure (within
1 month before the beginning of the study, 44 women), recent use of self-
tanning products (within 3 weeks before the beginning of the study, two
women), presence of skin diseases (seven women with vitiligo and two
with psoriasis), non-Caucasian origin (10 women), technical problems
encountered during reflectance measurement (20 women) and insuffi-
cient blood sample for DNA extraction (13 women).

MCIR gene polymorphisms. Blood samples were obtained from
each women, lysed in NASBA lysis buffer (Organon Teknika BV,
Boxtel. The Netherlands) and stored at —80°C until assay. Genomic
DNA was isolated by silica-based extraction as previously described
(23). The PCR analysis was performed using 0.3 ug of genomic DNA
in 25 uL of final reaction buffer as previously described using a
GeneAmp PCR System 2400 thermal cycler (Perkin-Elmer. Branch-
burg, NJ; [24]). We used primers MCIRamp2f: 5-CCTGGA
GGTGTCCATCTCTG-3" and MCIRamp2r: 5-TGTGGAAGGCG
TAGATGAGG-3', which yielded an amplicon that spans nucleotides
1546388 to 1547187 in the NCBI genomic reference sequence
NT_010542.15 and corresponds to nucleotides 746 to 1545 of the
mRNA reference sequence for MCIR (NM_002386.2). The resulting
PCR products were sequenced by MWG-BIOTECH AG (Ebersberg,
Germany) using the Comfort Read® procedure and the
primers: MCIl1Ramplf: 5-“ATCTCTGACGGGCTCTTCCT-3" and
MCIRamplr: 5-CGTAGATGAGGGGGTCGAT-3" which span the
nucleotides 759 to 1536 of the mRNA reference sequence. Codons
60-265 were all covered by the PCR and sequencing with these
primers. Codon 294 was genotyped using “Hybridization Probe™
technology (25). Briefly, the genomic DNA was amplified using the
primers MC1R_294His_F 5-CTCACACTCATCGTCC-3"and MCIR_
294His_R 5-GCACACTTAAAGCCGC-3" in the presence of sensor
probe “MCIR_294His sens”™ 5-TGCAATGCCATCATCCACCC-
fluorescein and anchor probe “MCIR_294His_anch™ LCRed640-
TCATCTACGCCTTCCACAGCCAG-Phosphate. After amplification,
the reaction mixture was gradually heated from 40 to 80°C and
fluorescence in the LCRed64( Channel was measured continuously. A
melting curve analysis was performed on the fluorescence signals
resulting from FRET between anchor and sensor probe. The sensor
probe was designed to be a match to the C variant (corresponding to
His in the amino acid sequence). Melting temperatures of 67°C for the
match (C, His allele) and 59°C for the mismatch (G, Asp allele)
allowed discrimination of the alleles and were validated by sequencing.
Analysis of the data obtained by sequencing was performed at the
Departments of Dermatology of the University of Edinburgh and of
the Medical University of Vienna.

Features related to sun sensitivity. During a medical examination,
investigators trained beforchand by a senior dermatologist collected
five skin features related to sun sensitivity that are commonly used for
phototyping (26,27): natural hair color at the age of 20 (white, red,
blond, chestnut, brown or black), skin color in winter (whitish. light,
darkish), freckles (no, some, frequent), sunburn event frequency
(always. frequent. rare/exceptional, no) and suntan intensity (no,
slight, light/dark, dark, very dark, black).

Skin color measurements. Skin color was measured on the inner side
of the forearm using a Konica Minolta CM2600d (Osaka, Japan)
spectrophotometer under controlled environmental conditions: room
temperature (mean + SD) 21 + 3°C, relative humidity 37 + 5%.

The inner side of the forearm was chosen because this area is relatively
well hidden from sun exposure and has been widely used in other
studies to assess constitutive pigmentation. The spectrophotometer
recorded automatically the spectral reflectance of the skin at each
wavelength across the visible waveband: 360-740 nm, with a 10 nm
spectral interval. It is a compact portable integrating sphere spectro-
photometer which uses the D/8 geometry conforming to CIE No.15,
1SO 772471, ASTM E1164, DIN 5033 Teil7, and JIS Z8722-1982
(diffused illumination/8° viewing system) standards. Light from pulsed
xenon lamps diffuses on the inner surface of the integrating sphere and
illuminates the skin uniformly. A double-beam system enables to
measure both incident and reflected light and to compensate the source
intensity variations. An illuminated viewfinder enables the user to
place the measuring area (8 mm diameter) on the skin and to reduce
pressure on the skin. Daily, before the series of measurements, the
instrument was calibrated according to the recommendation of
the provider. The Specular Component Included mode was used and
the data analyzed was the average of three repeated measurements.

Statistical analysis. All statistical analyses were performed using
SAS® software release 9.1.3 (SAS Institute Inc., Cary, NC) and DTM
Data and Text Mining software release 3.0 (available at: http://
www.lebart.org).

The nine most common MCIR gene variants were analyzed.
Among these variants, six have previously been reported in the
literature (3,16) as major penetrant “R™ (Argl51Cys, Argl60Trp,
Argl42His, Asp294His, 1lel55Thr and Asp84Glu), and three as minor
penetrant “r" (Val60Leu, Val92Met and Argl63Gln). Therefore, the
data were first analyzed by grouping the variants in three categories:
“WT,” wild-type homozygous; ““Minor,” that is to say only minor
variants (r/r and r/WT); and “Major” with at least one major variant
(R/1, R/WT and R/R). In a second step, the specific contribution of
cach variant was analyzed individually. The variants were classed as
cither homozygote (var,/var,), heterozygote (var,/WT) or compound
heterozygote (var;/var,). The relationships between the skin features
related to sun sensitivity and the gene polymorphisms were tested using
logistic regression analyses.

The mean spectral curves were drawn for homozygous WT and
each MCIR polymorphism, as well as for pooled “Minor™ and
“Major” variants. The relationships between the MCIR gene poly-
morphisms and the percentages of reflected light were then studied
using principal component analysis method (PCA). This technique
belongs to factor analysis methods, which allow a set of quantitative
variables (in our case, the percentages of reflected light) to be reduced
into a small number of derived variables that are uncorrelated, which
account for decreasing proportions of the total variance in the data
(28). These new variables, called principal components, are defined as
linear functions of the original variables which are weighted according
to their relative importance. Each principal component is interpreted
by examining the partial contribution of each original variable (the
percentages of reflected light) to the loading of variance onto the
component. Furthermore, these principal components can be used as
axes systems to generate graphical displays on which the individuals
can be mapped. These maps allow the relationships between different
categories of interest to be evaluated (in our case, individuals grouped
according to MCIR gene polymorphisms). The bootstrap resampling
method enables to estimate the variability of the position of these
categories on the map: replicates of the population are first generated
by randomly drawing with replacement, and the replicated elements
are mapped on the axes system to describe these variabilities (29).
Thus, the location of a particular subgroup on the map is described as
an ellipse representing the area of the map where the center of gravity
of the subgroup of interest can be located with 95% confidence. When
the ellipses of two subgroups are well separated on the map, the
locations of the groups of individuals are significantly different, which
indicate that the skin color of individuals carrying different MCIR
gene polymorphisms are also significantly different.

RESULTS
MCIR gene variants

Fifteen different MC/R gene variants were identified in our
population (Table 1), including two synonymous changes, four
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Table 1. Allelic frequencies of the MCIR polymorphisms.*
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rare variants, i.e. with a frequency less than 0.5% of all alleles,
and nine more common variants (Val60Leu, Val92Met,
Argl51Cys, Argl63Gln, Arglo0Trp, Argl42His, Asp294His,
llel 55Thr and Asp84Glu). Moreover, 171 (35%) women were
wild-type homozygous (consensus sequence), 184 (38%)
women were carriers of only minor variants (Minor) and 127
(26%) women of at least one major variant (Major).

Features related to sun sensitivity

The percentage of women presenting each phenotypic feature
related to sun sensitivity and their corresponding risk are
presented in Table 2 for the various MC/R gene variants. As
expected, some statistically significant associations were found.
Women carrying at least one major variant (Major) had higher
risks of having fair hair (OR [95% CI]. 5.83 [2.74-12.38]), light
skin color (4.94 [2.31-10.55]), freckles (4.07 [2.48-6.67]), light
suntan intensity (3.64 [2.15-6.18]) and frequent sunburn (3.12
[1.83-5.32]) than WT homozygous women. In addition,
women carrying only minor variants (Minor) had a signifi-
cantly higher risk of freckles (1.94 [1.23-3.04]), and showed a
trend to a higher risk of sunburn events (1.60 [0.96-2.68]).
Among the major diminished function wvariants (R),
Argl51Cys, Argl60Trp and Asp294His were significantly
associated or tended to be associated with all the sun-sensitive
skin features. Moreover, the Argl42His, Ilel55Thr and
Asp84Glu polymorphisms were found to be significantly
associated with freckles and the frequency of sunburn. The
Argl42His polymorphism tended to be associated with the
hair color and the suntan intensity. For the minor diminished
function variants (r), the carriers of Val60Leu and Val92Met
polymorphisms had an increased risk of having freckles and
experiencing sunburn events. Furthermore, the Val92Met and,
to a lesser extent, the Val60Leu polymorphisms were linked to
suntan intensity. No relationship was found between the
sun-sensitive skin features and the Argl 63GIn variant.

Skin color

The mean spectral curves for the MCJ/R gene polymorphisms
grouped as “WT.” “Minor™ and “Major” are shown in Fig. 1.
The “*Minor” and “WT" curves are contingent, whereas the
“Major™ curve is displaced upward from the two other curves,
which means a lighter skin color for the carriers of the major
variants. The mean spectral curves for the nine most common
MCIR gene polymorphisms are shown in Fig. 2. The curve
of each R variant lies above that of the WT population
(Fig. 2a-1). However. the Argl51Cys, Asp84Glu and
Asp294His curves are well separated and the farthest from
the WT curves (Fig. 2a-c), whereas the Argl60Trp, Illel55Thr
and Argl42His curves are less well separated and closer to the
WT curve (Fig. 2d-f). On the contrary, the curve of each
minor diminished function variant and the WT curve are
almost overlaid (Fig. 2g-1).

The PCA allowed the reflectance at 10 nm intervals to be
reduced into two principal components accounting for 96% of
the total variance observed in the individuals’ spectrum.
Figure 3 presents the contribution of each wavelength to the
two first principal components. The first principal component
(PC1) has similar positive weightings for all wavelengths. It
describes the variation of reflectance in average, which
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Table 2. Percentage of women presenting each phenotypic feature related to sun sensitivity and their corresponding risk for the various MCIR

gene variants.

Freckles
Frequent/Some

Hair color
Red/Blond/Chestnut

Sunburn event
frequency
Frequent/Always

Skin color
Whitish/Light

Suntan intensity
No/Slight/Light

MCIR gene

variants Yol OR (95% CI) Yo OR (95% CI) %o OR (95% CI) % OR (95% CI) % OR (95% CI)
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Minort 68 0.97 (0.62-1.51) 42194 (123-3.04 ** 72 0.99 (0.62-1.57) 57 1.30 (0.85-1.99) 26 1.60 (0.96-2.68) 1
Major} 93 5.83 (2.74-12.38)*** 60 4.07 (248-6.67)*** 93 494 (2.31-10.55y%** 79 364 (2.15-6.18)*** 41 3.12 (1.83-5.32)%**

r variants
Val60Leu 73
Val92Met 68
Argl63Gln 76

R variants
Argl51Cys 93
Argl60Trp 94
Argld2His  B7
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1.07 (0.63-1.81) 60 149 (0.92-239) 32 2.12 (1.23-3.68)**
1.56 (0.79-3.07) 66 191 (1.07-341)* 31 2.01 (1.06-3.80)*
0.94 (0.43-2.05) 50 098 (0.48-198) 24 1.39 (0.60-3.23)

5.08 (1.74-14.83)** 80 3.91 (1.89-8.08)*** 43

9 3.35 (1,736 409)#%%
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NA 100 NA 67
NA 67 195(0.35-10.95) 67

S5 I 05 RN )

OR = odds ratio; CI = 95% confidence interval. *WT homozygous. fr/r and r/WT. {R/R, R/r and R/WT. §Percentage of women presenting

the grouped category among the women carrying the variants. Probability of Wald test: ¢+ =

trend P > 0.05and <0.20; *P < 0.05; **P < 0.01;

¥¥p < .001. NA = test not applicable due to the low frequency of this polymorphism.

= Major
& Minor
- WT

&

8

Reflectance(%)

L T T T T T
550 600 650

Wavelength (nm)
Figure 1. Mean spectral curves for MCIR gene variants described as

WT (WT homozygous), Minor (r/r and r/WT) and Major (R/R, R/t
and R/WT).

700

measures essentially the skin lightness. Thus, higher PCl-
positive values denote a higher reflectance in average, and vice
versa. Most of the variation between the individuals™ spectrum
is explained by PCl (88%). On the contrary, the PC2
coefficients vary according to wavelengths, with low and
negative values until 590 nm and high and positive values at
longer wavelengths, which correspond to the red region of the
spectrum. Therefore, PC2 represents the variation in the
spectral shape (8% of the total information). Positive values of
PC2 denote a tendency toward red skin color and vice versa.
These components were used as an axis system to visualize the
difference in skin reflectance between carriers of MCIR gene
variants (Figs. 4 and S5a-i). The confidence ellipse of the
“Major™ variants is well separated on the first component
from the confidence ellipses of the “Minor” and “WT”
(Fig. 4). Hence. the “Major™ variants have higher positive
value of PC1 than “WT.” Thus, women carrying at least one
major variant have a significantly lighter skin than women

carrying only minor variants or carrying WT homozygous. In
addition, the “Minor™ variants are above the “WT™ on the
map, but as their confidence ellipses overlap, there is no
significant difference between them. In Fig. 5, the nine most
common variants are highlighted with their 95% confidence
cllipse. Women carrying the Argl51Cys, Asp84Glu and
Asp294His variants have significantly higher positive value
on PCI than WT homozygous women (Fig. 5a-c¢). Therefore,
these women have a significantly lighter skin color than the
WT women. In addition, the Asp84Glu variant is the farthest
from the WT, which indicates that the skin color of the women
carrying this variant is the lightest among all the variants. The
confidence ellipse of the Argl60Trp variant is above the
confidence ellipse of the WT homozygous (Fig. 5d), suggesting
that women carrying this variant have a significantly higher
reflectance in the red region than WT homozygous women.
Concerning the remaining variants (Ilel55Thr, Argl42His,
Val60Leu, Argl63Gln and Val92Met), no significant differ-
ence was found with the WT (Fig. Se, f, g, h and i,
respectively).

DISCUSSION

In this study, the distribution of the most frequent MC/ R gene
polymorphisms was investigated in a large sample of middle-
aged, community-dwelling Caucasian women living in Paris.
Little information is available in the literature on the distri-
bution of these MCIR variants in French populations.
However, it has been investigated in two skin cancer case
control studies (30,31). In these studies, the control group was
composed of 172 unaffected members of melanoma-prone
families (30), and of 151 individuals without any personal or
familial history of skin cancer recruited in Parisian hospitals
(31). The distribution of MC/R polymorphisms observed in
our sample was consistent with that reported in these two
groups. In particular, the Val60Leu and Val92Met polymor-
phisms were found to be the most frequent in the three studies.
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Figure 2. Mean spectral curves for the most common MC/R gene variants. (a) Argl51Cys versus WT. (b) Asp84Glu versus WT. (c) Asp294His
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Figure 3. Contribution of each wavelength to the two first principal
components PC1 and PC2. PCI indicates the average reflectivity all
along the spectrum and PC2 the reflectance in the red region of the
spectrum.

In our population, eight of the nine most frequent variants
were found to be associated with freckles. The strongest risk
was observed for Asp84Glu, followed by Argld2His,
Ilel55Thr, Asp294His, Argl51Cys, Argl60Trp, Val60Leu
and Val92Met variants. These associations, which have been
also reported in a study conducted on a Dutch population (32),
support a significant influence of the MC/R gene polymor-
phism on the development of freckles. In addition, our results
suggest an association between the Ilel55Thr variant and
freckles, which has not been reported before.

The impact of MC/R gene polymorphism on the ability to
tan and the risk of sunburn has been studied previously using
Fitzpatrick’s skin type in a study conducted in the Netherlands
on a large population of 123 patients with melanoma, 453
patients with nonmelanoma skin cancer and 385 control
subjects (12). The authors reported that the risk for carriers of
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Figure 4. First principal plan of PCA: Difference in skin color between
the MCIR gene variants described as WT (WT homozygous), Minor
(r/r and r/WT) and Major (R/R, R/r and R/WT). The 95%
confidence ellipses describe the uncertainty of the location of each
category on the map. The points within the ellipses correspond to the
centers of gravity of the replicates generated by the bootstrap method.

the Asp84Glu, Argl42His, Argl51Cys, Argl60Trp and
Asp294His variants to have fair skin type (I-11, according to
Fitzpatrick’s skin type) was greater than 2.5 with respect to the
WT genotype, whereas the relative risk for carriers of the
Val60Leu, Val92Met and Argl63Gln variants was smaller
than 2. In our study, all the variants except Argl63Gln were
associated with sunburn events. The highest risks were found
for Asp84Glu and 1lel55Thr, followed by Asp294His,
Argl42His, Argl51Cys, and after that Argl60Trp, Val60Leu
and Val92Met polymorphisms. Moreover, women carrying the
Asp294His, Argl51Cys, Argl60Trp and Val92Met polymor-
phisms had a significantly higher risk of being able to develop
only a light tan. This risk is the strongest for Asp294His.
Roughly, the same polymorphisms seem to be associated with
the sunburn event frequency and with the suntan intensity.
However, some differences were observed: for example, the
Asp84Glu polymorphism was strongly associated with sun-
burn event frequency, but not associated with the ability to
tan. A similar discrepancy, although less marked, was
observed for carriers of the Argl42His and Val60Leu variants.
These results suggest that the polymorphisms do not have an
identical impact on the skin sensitivity to sunburn and the
ability to tan.

(i)

Figure 5. First principal plan of PCA: Difference in skin color between the most common MCIR gene variants. The 95% confidence ellipses
describe the uncertainty of the location of each variant on the map. The points within the ellipses correspond to the centers of gravity of the
replicates generated by the bootstrap method. (a) Argl51Cys versus WT. (b) Asp84Glu versus WT. (¢) Asp294His versus WT. (d) Argl60Trp versus
WT. (e) lle1 55Thr versus WT. (f) Argl42His versus WT. (g) Val60Leu versus WT. (h) Val92Met versus WT. (i) Argl63Gln versus WT.
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The effect of MCIR polymorphism on skin color has been
investigated less extensively than its effect on hair color, in
particularly using objective measures such as spectroscopy. In
our study, skin color was assessed both with a categorical
clinical rating scale (skin color in winter: whitish, light or
darkish) and with reflectance measurements. Skin color in
winter was found to be associated with the Argl60Trp and
Argl51Cys polymorphisms, and a nonsignificant trend was
found for the Asp294His variant. In an Australian study
conducted in the general population of southeast Queensland
(14), the effect of these polymorphisms on skin color (assessed
as fair/pale, medium or olive/dark on the inner upper left
arm) was studied. The authors found that all polymorphisms,
except the Argl42His variant, increased the risk of having
fair/pale skin, with the highest risk identified for the carriers of
the Asp84Glu  polymorphism, followed by Asp294His,
Argl51Cys, Arglo0Trp, Val92Met, lel55Thr, Argl63Gln
and Val60Leu. Both in this Australian study and in our
own, the Arglo0Trp, Argl51Cys and Asp294His polymor-
phisms were associated with a “fair/pale™ or “*whitish™ skin,
although this was not the case for the Argl42His polymor-
phism, which is known to have a marked influence on red hair
color (12).

With respect to the skin color measured by reflectance
spectroscopy, women carrying the Argl51Cys, Asp294His
and Asp84Glu polymerphisms presented a lighter skin than
WT homozygous women. Moreover, women carrying the
Argl60Trp polymorphism had a significantly higher reflee-
tance in the red region of the visible spectrum (600-700 nm).
This region is known to be the most suitable for quantifying
melanin levels. Indeed, based on the specific absorption spectra
of the chromophores, absorption due to melanin outweighs
absorption due to hemoglobin in blood in the red region (19).
Therefore, women carrying one of these four polymorphisms
have probably significantly lower amounts of functional
melanin in the skin than WT homozygous women. This
decrement could be explained by a lower concentration of
melanin, impaired melanin quality or a suboptimal spatial
distribution of melanin in the skin. This effect 15 most
prominent for women carrying the Asp84Glu polymorphism.
In contrast, no significant difference in skin reflectance was
observed for the two other major variants (Argl42His and
Tle155Thr) and for the minor variants (Val92Met, Val60Leu
and Argl63Gln). In a recent study (16), the functional impact
of these nine MCIR polymorphisms was evaluated in vitro,
and these results compared to the skin color measured by
reflectance on the inner arm (reflectance at 650 nm). The
authors reported a dominant negative effect of all major
diminished function variants (R variants), except for the
Argl42His polymorphism. on the activity of the wild-type
receptor. Two minor diminished function variants (Val60Leu
and Argl63Gln) were also found to have a negative effect on
the activity of the wild-type receptor, even if this effect was
smaller than those observed with the R variants. In addition,
the authors found that skin color was significantly lighter in
individuals heterozygous for the Asp84Glu, Argl51Cys,
Arglo0Trp, Asp294His and Val92Met variants. Aside from
the Val92Met polymorphism, our results are consistent with
those reported by Beaumont er al. (16). In both studies, no
significant association with fair skin color was found for the
Argl42His variant. This finding is consistent with the absence
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of a dominant negative effect of this polymorphism on the
activity of the wild-type receptor. In addition, the absence of a
significant effect for the Val60Leu and Argl63Gln polymor-
phisms could be explained by a limited impact on the activity
of the wild-type receptor, and supports the classification of
these polymorphisms as minor diminished function variants.

As expected, in our study the results obtained using
reflectance measurements of the skin are consistent with those
based on the clinical assessment. The reflectance measurements
also provide an objective estimation ol the impact of each
polvmorphism on the skin color and highlight the major
influence of the Asp84Glu polymorphism. Moreover, our
findings indicate associations between MC/R polymorphisms
and the risk of experiencing sunburn and of having freckles
independently of skin color. These results suggest that the skin
color measured with spectroscopy and the MC/R genotype are
probably independent risk factors for the skin sensitivity to
UV-induced DNA damage, as previously reported for mela-
noma risk factor studies (11,12,15.33). Therefore, a major
application of our findings is the possible identification of
individuals with a higher risk of sunburn, of photoaging and
even skin cancer occurrence. However, [urther studies are
needed to confirm our findings, especially for the polymor-
phisms with a low allelic frequency. and also to investigate the
individual dose effect of each MCIR variant.
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Functional MC1R-Gene Variants Are Associated with
Increased Risk for Severe Photoaging of Facial Skin

Anissa Elfakir', Khaled Ezzedine®?, Julie Latreille1, Laurence Ambroisine', Randa Jdid*, Pilar Galan?,
Serge Hercbergz, Florian Gruber®, Denis Malvyz’{’, Erwin Tschachler®” and Christiane Guinot'®

The objective of this study was to assess the association between melanocortin-1 receptor (MC1R) variants and
the severity of facial skin photoaging. The study population comprised 530 middle-aged French women.
A trained dermatologist graded the severity of facial skin photoaging from photographs using a global scale.
Logistic regressions were performed to assess the influence of MCIR polymorphisms on severe photoaging
with adjustment for possible confounders (demographic and phenotypic data and sun exposure intensity).
Among the fifteen MCIR variants identified, the nine most common were V60L, V92M, R151C, R160W, R163Q,
R142H, D294H, D84k, and I155T. One hundred and eighty-five individuals (35%) were WT homozygotes, 261
(49%) had one common variant, 78 (15%) had two common variants, and six (1%) had at least one rare variant.
After adjustment for possible confounders, the presence of two common variants was already a risk factor for
severe photoaging (AOR (95% confidence interval): 2.33 (1.17-4.63)). This risk reached 5.67 (1.43-21.96) when two
major diminished-function variants were present. Surprisingly, the minor variant, V92M, was associated with
increased risk of photoaging (2.57 (1.23-5.35)). Our results suggest that genetic variations of MC1R are important

determinants for severe photoaging.

Journal of Investigative Dermatology (2010) 130, 1107-1115; doi:10.1038/jid.2009.366; published online 19 November 2009

INTRODUCTION

Aging of the skin is influenced both by intrinsic factors, such
as chronological age, and by extrinsic or environmental
factors, such as chronic UV exposure and smoking (Malvy
et al., 2000; Yaar and Gilchrest, 2007). Skin photoaging is
defined as premature aging of the skin due to chronic sun
exposure and presents characteristic morphological changes
to both the epidermal and the dermal compartments (Rabe
et al., 2006; Yaar and Gilchrest, 2007). A number of
phenotypic features influence the degree of photoaging,
notably skin color (Kligman and Kligman, 1999; Malvy et al.,
2000) and skin phototype. Individuals with dark phototypes
(IN4V) commonly exhibit more “‘hypertrophic responses”
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such as deep wrinkling, coarseness, and lentigines, whereas
fair phototype individuals (I41) generally show fewer wrinkles
with epidermal atrophy, focal depigmentation, as well as
dysplastic changes, such as actinic keratosis, non-melanoma,
and melanoma skin cancers (Fitzpatrick, 1988; Yaar and
Gilchrest, 2007).

Variation in human skin and hair color is due to
differences in the absolute amounts and the relative propor-
tions of black photoprotective eumelanin and red pheome-
lanin (Rees, 2003). During the last decade, a number of genes
regulating pigmentation have been identified. Polymorphisms
in the melanocortin-1 receptor (MC1R) gene (OMIM
#155555) have been demonstrated to be major determinants
of hair and skin color (Valverde et al., 1995). The MC1R gene
maps to chromosome 16¢24.3 and encodes a seven-pass,
transmembrane, G-protein-coupled receptor consisting of
317 amino acids (Chhajlani, 1996). Signaling through the
receptor by a-melanocyte-stimulating hormone  (a-MSH)
activates adenylate cyclase, leading to increase in intracel-
lular cAMP and transcriptional activation of a number of
genes regulating melanin biosynthesis, notably members of
the tyrosinase family (Garcia-Borron et al., 2005). MCIR is
highly polymorphic in Caucasian populations, and to date
over 75 MC1R alleles have been identified (Wong and Rees,
2005; Beaumaont et al., 2007).

Numerous studies have established the association bet-
ween MCTR mutations and phenotypic features such as red
hair, fair skin, and freckles (Valverde et al., 1995; Box et al.,
1997; Smith et al.,, 1998; Flanagan et al., 2000; Bastiaens
et al., 2001a; Duffy et al., 2004), as well as links between
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some MCIR variants and solar lentigines (Bastiaens et al.,
2001a; Motokawa et al., 2007). Furthermore, MC1IR poly-
morphisms have been found to be related to sun sensitivity
and low tanning ability in response to UV radiation,
independently of skin color (Healy et al., 2000). In addition,
several studies have highlighted the association of MCIR
variants with melanoma risk (Valverde et al., 1996; Palmer
et al., 2000; Kennedy et al., 2001; Matichard et al., 2004;
Stratigos et al., 2006) and non-melanoma skin cancers again
even after adjustment for pigmentation types (Box et al.,
2001; Bastiaens et al., 2001b; Liboutet et al., 2006). Since no
study of the associations of MCIR polymorphisms and global
photoaging has been reported to date, we set out to
investigate the influence of MC1R variants on the severity
of overall facial photoaging combining pigmentation irregu-
larities, sagging, and wrinkles.

RESULTS

Characteristics of the study population

The analysis involved 530 women. The clinical and demo-
graphic features of the study population, and the association
of these variables with the extent of facial skin photoaging are
presented in Table 1. As expected, the extent of skin
photoaging was strongly linked to age. By contrast, after
adjustment for age, no significant association was observed
for other variables, although there were trends for a higher
risk of photoaging associated with light hair color, presence
of freckles and high intensity of lifetime sun exposure, and for
a lower risk in women with obesity.

Frequency of MC1R variants

Overall, 15 MCI1R-gene variants were detected, including
two synonymous changes (Table 2). The 13 non-synonymous
variants all represented amino-acid substitutions, with no
deletions or insertions being detected. Among these 13 MC1R
variants, four variants were rare (5830, T95M, P256S,
V2651, with a frequency <0.5% of total alleles. Women
carrying these MCIR variants (n=6) were excluded from
further analyses. Of the remaining 524 subjects, 185 women
(35%) were wild type (WT/WT) with no variant or synon-
ymous variant allele, and 261 (50%) were heterozygous (WT/
Var), bearing one of the nine most common non-synonymous
MCT1R gene variants (Table 2). In addition, 60 women (11%)
were compound heterozygous for either minor (varl/var2;
n=19, 4%) major (VART/VAR2; n=10, 2%, or mixed (VAR/
var; n=31, 6%) variants, and 20 (4%) were homozygous for
either major (5) or minor (15) variants (Table 2). The allelic
frequencies observed here are consistent with those of
previous studies of French populations (Matichard et al.,
2004; Liboutet et al., 2006).

MCIR variants and skin photoaging

The associations between MC1R-gene variants and photoa-
ging are presented in Table 3. After adjustment for age,
carriers of variant polymorphisms on both copies of the
MCI1R gene presented a significantly increased risk of severe
photoaging (adjusted odds ratio (AOR) (95% confidence
interval) for Var/Var, 2.45 (1.304.61), as compared with
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WT/WT). This risk was considerably higher in the carriers of
two major variants (VAR/VAR) (6.43 (1.76-23.47)), whereas
in carriers of two minor variants (varivar) only a non-
significant trend toward increased risk of photoaging was
observed (Table 3). The same was true for heterozygous
carriers (var’'WT, VAR/WT, or VAR/var). When the different
common polymorphisms were analyzed individually, three of
the six major variants, namely R151C, R142H, and D84E,
demonstrated significant association with photoaging, with
AORs of 2.00 (1.023.92), 4.27 (1.26-14.52), and 16.10
(2.34-110.55), respectively. The R160W variant showed a
similar trend, without reaching significance. Among the
minor variants, only V92M showed significant association
with photoaging (2.41 (1.22-4.75)) (Table 3). The risk
associated with V92M was independent of the presence of
another major or minor variant (not shown).

Multivariate logistic regression analyses were performed to
take into account potential confounding factors such as
smoking habits, body mass index (BMI), skin phototype, and
age. In these analyses, presence of MCIR variants was
retained as an independent risk factor for photoaging
(Supplementary Table S1). The AOR values obtained in the
multivariate models after adjustment for all potential con-
founding factors (Supplementary Table S1) were comparable
to those obtained in the bivariate models adjusted only for
age (Table 3).

DISCUSSION

Activation of the G-protein-coupled receptor, MCIR, by
a-MSH stimulates the cAMP-signaling pathway in melano-
cytes and upregulates the synthesis of melanin through
induction of the microphthalmia transcription factor. This
leads to a switch from pheomelanin synthesis to synthesis of
eumelanin, which is darker and thus more photoprotective
(Garcia-Borron et al,, 2005). The MC1R gene is highly
polymorphic and several loss-of-function variants have been
identified, which are associated with a red hair or pale skin
phenotype, as well as with increased sun sensitivity (Rees,
2003). In addition, for several of these MCIR variants,
associations with occurrence of non-melanoma skin cancer
and melanoma have been found (Bastiaens et al., 2001b;
Duffy et al., 2004; Healy, 2004). Since eumelanin plays a
major role in protecting the skin against UV-B irradiation, we
have studied here whether MC1TR polymorphisms have an
impact on the severity of global photoaging of the face.

In our sample of 524 French women, carriers of two loss-
of-function MC1R variants (R151C, R160W, R142H, D294H,
1155T, and D84E) had a more than sixfold increased risk for
severe photoaging as compared with carriers of two WT
alleles. Of the major variants, R142H, R151C, and D84E
contributed the most to the risk; however, carriers of one
single loss-of-function variant showed only a trend for
association with photoaging, which did not reach signifi-
cance.

Reduced physical protection of the skin due to disturbed
MCI1R signaling and decreased eumelanin synthesis (Garcia-
Borron et al., 2005) would be the most obvious explanation
for the increased risk for severe photoaging observed in the
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Table 1. Distribution in photoaging severity expressed in frequency (percentage) and risk of severe photoaging

related to each characteristic of the studied population

Grades 111 (n1=322) Grades IV-VI (n=208) P! AOR? (95% Cn*

Age group

4449 60 (18.6) 4 (1.9) <0.001 1 /

50-54 82 (25.5) 20 (9.6) 0.02 3.66 (1.1911.25)

55-59 115 (35.7) 45 (21.6) <0.002 5.87 (2.02-17.09)

60-64 45 (14.0) 68 (32.6) <0.001 22.66 (7.70-66.72)

65-70 20 (6.2) 71 (34.1) <0.001 53.24 (17.25-164.32)
BMI classification

Normal 217 (67.4) 135 (64.9) 0.16 1 /

Overweight 72 (22.4) 60 (28.8) 0.60 1.13 (0.71-1.80)

Obese 33 (10.2) 13 (6.3) 0.09 0.50 (0.23-1.10)
Smoking habits

Non-smoker 178 (55.3) 122 (58.7) 0.35 1 /

Former smoker 105 (32.6) 65 (31.2) 0.39 1.22 (0.78-1.91)

Current smoker 39 (12.1) 21 (10.1) 0.18 1.53 (0.79 -2.97)
Menopausal status and HRT intake

Not mﬂnopausal 99 (30.7) 15 (7.2) 0.74 1 /

Menopausal with HRT 159 (49.4) 122 (58.7) 0.45 0.75 (0.35-1.59)

Menopausal without HRT 64 (19.9) 71 (34.1) 0.61 0.81 (0.35-1.86)
Eye color

Dark 101 (31.8) 64 (30.8) 0.69 1 /

Light 217 (68.2) 144 (69.2) 1.09 (0.71-1.69)
Hair color®

Black 11 (3.4) 8 (3.8) 0.13 1 /

Dark brown 78 (24.5) 38 (18.3)

Light brown 164 (51.6) 116 (55.8) 1.43 (0.90-2.29)

Blond 59 (18.6) 36 (17.3)

Red 6(1.9) 10 (4.8)
Skin color

Dark 70 (22.0) 53 (25.5) 0.91 1 /

Fair 248 (78.0) 155 (74.5) 0,97 (0.61-1.55)
Freckles

None 193 (60.7) 114 (54.8) 0.053 1 /

Present 125 (39.3) 94 (45.2) 1.49 (0.99-2.25)
Suntan intensity

None/slight/light 183 (58.5) 131 (63.3) 0.38 1 /

Dark/very dark 130 (41.5) 76 (36.7) 1.20 (0.80-1.81)

Table 1 continued on the following page
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Table 1. Continued

Photoaging
Grades HII (n=322) Grades IV-VI (n=208) P! AOR* (95% CI*

Sunburn event frequency

None/rare 219 (70.0) 154 (74.4) 0.70 1 /

Frequent/constant 94 (30.0) 53 (25.6) 0.91 (0.58-1.44)
Skin phototype”

v 46 (14.3) 34 (16.3) 0.22 1 i

1] 123 (38.2) 72 (34.6)

Il 124 (38.5) 79 (38.0) 1.29 (0.86-1.93)

| 29 (9.0) 23 (11.1)
Lifetime sun exposure intensity

Low-moderate 212 (66.7) 132 (63.5) 0.13 1 o

High 106 (33.3) 76 (36.5) 1.38 (0.91-2.11)

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Cl, confidence interval; HRT, hormone replacement therapy.
'Probability value of Wald test.

2AORs are adjusted for age, except for age group.

?95% Cl.

fHaEr color was grouped into two categories (light vs. dark) for calculation of AORs.

“Skin phototype was grouped into two categories (I vs. 1I4V) for calculation of AORs.

Table 2. Frequency (percentage) of MC1R-gene variants’
MC1R-gene variants

Major diminished-function Minor diminished-function Rare Variant Genotype

WT R151C R160W D294H R142H I155T D84E  V6OL VI2M R163Q variants frequency (n=1,060) frequency (n=530)

WT? 185 38 21 11 13 3 4 94 53 24 4 635 (59.9) 450 (84.9)

Major diminished-function variants

R151C 38 3 0 0 3 2 1 7 3 2 0 62 (5.8) 59 (11.1)
R160W 21 0 2 Z 0 1 0 q 3 1 0 36 (3.4) 34 (6.4)
D294H 11 0 2 0 0 0 1 3 2 0 0 19 (1.8) 19 (3:6)
R142H 13 3 0 0 0 0o 0 2 0 0 0 18 (1.7) 18 (3.4)
1155T 3 2 1 0 0 0 0 3 1 0 0 10 0.9) 10 (1.9)
D84E 4 1 0 1 0 0 0 0 0 0 0 6 (0.6) 6(1.1)
Minor diminished-function variants
V60 L 94 7 4 3 2 3 0 1 7 7 1 150 (14.2) 139 (26.2)
VI2m 53 3 3 2 0 1 0 e 2 3 0 76 (7.2) 74 (14.0)
R163Q 24 2 1 0 0 0 0 7 3 2 1 42 (4.0) 40 (7.5)
Rare variants® 4 0 (1] 0 0 0 0 1 0 1 0 6 (0.6) 6(1.1)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; MC1R, melanocortin-1 receptor; WT, wild type.

'The rows and columins represent the MC1R genotype on each allele.

“The WT category includes both WT and synonymous variants (A166A and Q233Q), which are mutations in DNA sequence that do not modify the amino-
acid sequence of the protein.

FRare variants correspond to $83P, T95 M, P2565, and V265I.
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Table 3. Distribution in photoaging severity expressed in frequency (percentage) and risk of severe photoaging

according to MC1R polymorphisms

Photoaging
Grades IHII (n=317) Grades IV-VI (n=207) P AOR? 95% C1?

WT/WT 119 (37.5) 66 (31.9) — 1 —
MCIR genotype 0.02

WT/NVar 157 (49.5) 104 (50.2) 0.18 1.36 0.87-2.13)

Var/Var 41 (12.9) 37 (17.9) <0.01 2.45 (1.30-4.61)
Major/minor variant classification 0.03

Only minor variant(s)* 122 (38.5) 81 (39.1) 0.17 1.40 (0.87-2.25)

One major variant® 71 (22.4) 50 (24.2) 0.11 1.56 (0.90-2.68)

Two major variants® 5(1.6) 10 (4.8) <0.01 6.43 (1.76-23.47)
Minor diminished-function variants’

V60L 87 (27.4) 51 (24.6) 0.57 1.18 0.67-2.07)

VoM 38 (12.0) 36 (17.4) 0.01 2.41 (1.22-4.75)

R163Q 25 (7.9) 14 (6.8) 0.33 1.54 (0.64-3.70)
Major diminished-function variants®

R151C 32 (10.1) 27 (13.0) 0.04 2.00 (1.02-3.92)

R160W 17 (5.4) 17 (8.2) 0.11 2,02 (0.85-4.81)

D294H 13 (4.1) 6(2.9) 0.61 1.35 (0.42-4.29)

R142H Zil2.2) 11 .(5.3) 0.02 4.27 (1.26-14.52)

11557 6(1.9) 4 (1.9) 0.96 1.04 (0.20-5.37)

D84E 3(0.9) 3(1.4) <0.01 16.10 (2.34-110.55)

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; MC1R, melanocortin-1 receptor; var, minor diminished-function MCIR variant; Var, any

MCI1R variant; WT, wild type.

Probability value of Wald test.

“AORs are adjusted for age.

*95% Cl.

Varl AWT, varl/ivar2, and varl/varl are pooled together.
SVAR/WT and VARNvar are pooled together.

“VARI/VART and VART/VAR2 are pooled together.

“varl/WT, varl/varl, and varl/var2 are pooled together.
SVART/WT, VART/VART, and VARTAVARZ are pooled together.

carriers of these loss-of-function MCI1R variants. However,
MCIR polymorphisms still remained a significant risk factor
for severe skin photoaging even after adjustment for potential
confounding from skin color and lifetime sun exposure. In
addition, loss-of-function variants are associated with multi-
ple features related to skin phototype (Healy et al., 2000;
Latreille et al, 2009). Taken together, this suggests that
mechanisms other than the diminished protective effect of
natural pigmentation may contribute to heightened risk of
photoaging. Similar observations have been made by
Bastiaens et al. (2001b) when studying non-melanoma skin
cancer. They reported that MC1R variants are determinants
for increased risk independently of the fair skin and red hair
phenotype. A possible mechanistic explanation for our
finding could be that, in contrast to eumelanin, which serves

as a scavenger for reactive oxygen species, pheomelanin is a
potential source of reactive oxygen species (Bustamante
et al., 1993; Abdel-Malek et al., 2008). A shift in the balance
of melanin synthesis toward pheomelanin in the carriers of
functional mutations of MCTR might thus increase the risk of
cell and tissue damage through generation of reactive oxygen
species. These mechanisms are very likely to affect both the
function and survival of melanocytes, and could, thus,
potentially contribute to the pigment changes associated
with photoaging. It remains to be investigated whether
changes in the pattern of melanin synthesis may contribute
to other aspects of photoaging, particularly with respect to the
dermal compartments (Rabe et al., 2006; Yaar and Gilchrest,
2007). The finding that both eumelanin and pheomelanin can
be released from melanocytes and can be detected in urine
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and serum of healthy individuals, suggests that this might be
plausible (Wakamatsu et al., 2006). Apart from regulation of
pigmentation in melanocytes, a-MSH, the principal endo-
genous activator of MCTR, exerts a wide variety of biological
effects in other cell types, including keratinocytes and
fibroblasts (Kiss et al, 1995; B&hm et al., 2006). Importantly,
a-MSH is able to protect cells from UV-induced apoptosis,
probably by enhancing DNA repair (B6hm et al, 2005a).
Indeed, it has been demonstrated for melanocytes that loss-
of-function mutations of MC1R were associated with higher
cyclobutane pyrimidine dimer levels, impaired nucleotide-
excision repair, and increased susceptiblity to apoptosis after
UV irradiation (Kadekaro et al., 2005; Hauser et al., 2006). It
is, thus, tempting to speculate that loss-of-function MC1R
variants may cause increased sun sensitivity and accumula-
tion of sun damage not only by impaired repair capacity in
melanocytes themselves, but also in other cell types within
the skin. In this respect, both increased sun sensitivity (Healy
et al, 2000) and occurrence of skin neoplasms cannot be
explained completely by the influence of MCIR functional
variants on skin type (Kennedy et al., 2001; Bastiaens et al.,
2001b). Finally, «-MSH has been reported to exert immun-
modulatory activities (Bohm et al.,, 2006). It is, therefore,
conceivable that altered immunoregulatory activities of a-
MSH in individuals with MC1R variants might contribute to
the inflammation regularly observed in photoaged skin (Rabe
et al., 2006; Yaar and Gilchrest, 2007). Although an effect of
MCIR genotype on the suppression of antigen-activated
lymphocyte proliferation by «-MSH has been excluded
(Cooper et al., 2005), immunmodulatory effects on other cell
types remain to be determined (Bohm et al., 2005b, 2006), in
particular in the context of UV exposure (April and Barsh,
2007). Nonetheless, it should be noted that, despite the
presence of MCTR mRNA (Roberts et al, 2007), MCIR
protein has not been unequivocally demonstrated in cell
types other than those of melanocytic lineage. For this reason,
the potential contributions of these alternative functions of
MCI1R should be considered as hypothetical.

In addition to the effect observed with the major loss-
of-function  MC1TR variants, an association was found
between severe photoaging and one of the minor variants
(V92M), this link being independent of the presence of
another minor or major MCIR variant. This finding is
surprising since presence of this variant does not reduce
MCI1R function in vitro, and this variant was considered by
some as a ‘‘pseudo-allele” with no significant effect on
eumelanin synthesis (Wakamatsu et al., 2006). However,
associations of this variant with development of solar
lentigines in Japanese (Motokawa et al, 2007), and
development of basal cell carcinoma in French popula-
tions (Liboutet et al., 2006) indicate that the reduced
binding capacity of a-MSH to the V92M MC1R variant might
have biological relevance in vivo. An alternative possi-
bility would be that this variant is linked to a not yet
identified mutation with functional consequences in a distant
gene.

Our study has certain limitations. Although the sample
size of our study was large enough to examine the association
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of each of the nine most common MCIR variants with
photoaging, the small number of redheads did not provide
adequate statistical power to perform a specific analysis for
this subgroup. In addition, assessment of certain confounding
factors, such as “natural hair color at the age of 20” and
““skin color without tanning”’, relied on self-reporting and
“lifetime sun exposure intensity” on self-evaluation, an
approach that could introduce reporting bias. Finally, in our
study, as in any other allelic association study, the associa-
tions between MCR1 variants and photoaging might also
reflect associations with other markers due to linkage
disequilibrium.

In conclusion, our study conducted with a large sample of
French middle-aged women showed that MC1R-gene var-
iants, particularly loss-of-function variants, are associated
with strongly increased risk of severe photoaging indepen-
dently of age, BMI, skin color, skin phototype, menopausal
status, smoking habits, and lifetime sun exposure. These
findings suggest that the MC1R gene plays a major role in skin
photoaging.

MATERIALS AND METHODS

Study design and population

This cross-sectional study was performed in the context of the
SU.VI.MAX cohort (SUpplémentation en Vitamines et Minéraux
AntioXydants
longitudinal cohort study of French middle-aged adult volunteers,
which focused on the relationships between nutrition and the

antioxidant vitamin and mineral supplementation), a

incidence of a number of chronic diseases that are frequent in
industrialized countries (Hercberg et al, 1998, 2004). The SU.VI.
MAX study protocol was approved by The Hospital Medicals Ethics
Committee of Paris-Cochin (CCPPRB no. 706) and the “Comité
National Informatique et Liberté”” (CNIL no. 334641). The study was
conducted according to Declaration of Helsinski Principles. All
participants provided written, informed consent. The SU.VI.MAX
cohort included 13,017 subjects who were representative of the French
adult, middle-aged population for most sociodemographic features
(Hercberg et al,, 1998). The electronic data capture and storage system
provided an opportunity to conduct cross-sectional surveys.

This study was conducted in autumn/winter 2002-2003 with a
sample of 570 middle-aged women (age range 44-70 years) who
lived in Paris and had provided informed consent. Inclusion criteria
were Caucasian origin, no known dermatological disorder, and no
history of facial antiaging procedures such as injection of filling
agents, laser intervention, or plastic surgery. Moreover, they were
expected to follow specific skin care instructions, notably applica-
tion of detergents or cosmetics to the face was not authorized for at
least 12 hours before the study visit. On the day of the visit, they
were first asked to complete a standardized questionnaire. Three
standardized, high-resolution digital images (2008 x 3032 pixels) of
the face were taken for each participant (one frontal view of the face
and one of each profile) using a Kodak DCS 760 digital camera with
a 105mm camera lens (Kodak, Paris, France). The camera was
mounted on a monopod and a specifically developed chair was used
to allow standardized positions of the camera with respect to the
face. Lighting conditions were standardized by means of two
symmetrical lamps, which provided a continuous daylight spectrum,
placed at 45 degrees to each side of the face.



Of the 570 volunteers who participated in the study, 28 were
excluded from the analysis because they did not fulfill at least one
inclusion criterion: 18 had a history of recent antiaging invasive
procedures and 10 were non-Caucasian. Besides, MC1R genotyping
was not successful for 12 individuals because either the DNA sample
or PCR product could not be obtained. The final study population
was, thus, composed of 530 individuals.

Assessment of general and phenotypic data

Data on age (in years), height (in meters), weight (in kg), smoking
habits (never, former, current), and menopausal status (non-
menopausal, menopausal with hormone replacement therapy,
menopausal without hormone replacement therapy) were obtained
on the day of the visit from a medical questionnaire during a
standardized interview performed by trained interviewers. Natural
hair color at the age of 20 was ascertained and classified as follows:
red, blond, light brown, dark brown, or black. Eye color was
recorded as brown/black, hazel, green, or blue/gray. Skin color in
the winter was recorded as fair or dark; freckles as none or present;
sunburn event frequency as none, rare, frequent, or constant; and
suntan intensity as none, slight, light, dark, or very dark. Skin
phototype was recorded according to Fitzpatrick’s classification
(Fitzpatrick, 1988) as follows: (“always burn, never tan": skin type-I;
““always burn, then tan”’: skin type-11; ““always tan, sometimes burn’’:
skin type-lll; and “always tan, never burn’: skin type-1V). BMI
(kg m~?) was calculated as weight divided by square of the height.
Moreover, each participant was asked to complete a self-adminis-
tered questionnaire relating to lifetime sun exposure behavior. From
this questionnaire, a score quantifying lifetime sun exposure intensity
was calculated. This score is a linear combination of five items
(voluntary sun exposure, exposure of the body and face, exposure
during the hottest hours of the day, intensity of self-reported lifetime
sun exposure, and importance of sunbathing), which were weighted
according to their contribution to the score. The design, validation,
and description of this score have been described previously
elsewhere (Guinot et al., 2001).

Assessment of severity of photoaging

Each set of facial photographs was examined by a trained
dermatologist to rate the severity of facial skin photoaging, using
Larnier’s six-grade ordinal scale of photodamage (Larnier et al.,
1994). Each grade is depicted by three reference photographs that
illustrate the diversity and range of pigmentation disorders, wrink-
ling, and looseness.

Detection of MC1R-gene variants and sequence analysis

Blood samples were collected on the day of visit, lysed in NASBA
lysis buffer (Organon Teknika BV, Boxtel, the Netherlands), and
stored at —80 °C until assay. Genomic DNA was isolated by silica-
based extraction as previously described (Boom et al., 1990). PCR
analysis was performed using 0.3 pg of genomic DNA in 25l of
final reaction buffer, as previously described (Eckhart et al., 2000),
using a GeneAmp PCR System 2400 thermal cycler (Perkin-Elmer,
Branchburg, NJ). The primers used were MC1Ramp2f: 5-CCTGG
AGGTGTCCATCTCTG-3" and MC1Ramp2r: 5'-TGTGGAAGGCG
TAGATGAGG-3". They vyielded an amplicon that spans nucleotides
1,546,388-1,547,187 in the NCBI genomic reference sequence
NT_010542.15, and correspond to nucleotides 746-1,545 of the
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mRNA reference sequence for MCTR (NM_002386.2). The resulting
PCR products were sequenced by MWG-BIOTECH AG (Ebersberg,
Germany) by the Comfort Read procedure and the primers used
were  MCIRampif:  5-ATCTCTGACGGGCTCTTCCT-3"  and
MC1Ramp1r: 5-CGTAGATGAGGGGGTCGAT-3/, which span nu-
cleotides 759-1,536 of the mRNA reference sequence. Codons
60-265 were all covered by PCR and sequencing with these primers.
Codon 294 was genotyped by “Hybridisation Probe’ technology
(Bernard et al., 1998). Briefly, genomic DNA was amplified using
primers ~ MCIR_294His_F  5-CTCACACTCATCGTCC-3'  and
MC1R_294His_R 5'-GCACACTTAAAGCCGC-3" in the presence of
sensor probe “MCIR_294His_sens” 5'-TGCAATGCCATCATCCA
CCCHluorescein  and  anchor probe ““MCTR_294His_anch”
LCRed640-TCATCTACGCCTTCCACAGCCAG-phosphate. After am-
plification, the reaction temperature was gradually increased from
40 to 80°C and fluorescence in the LCRed640 Channel was
continuously measured. A melting-curve analysis was performed
on the fluorescence signals resulting from fluorescence resonance
energy transfer between the anchor and sensor probe. The sensor
probe was designed to be a match to the C-variant (corresponding to
His in the amino-acid sequence). Melting temperatures of 67 “C for
the match (C, His allele) and 59 “C for the mismatch (G, Asp allele)
allowed discrimination of the alleles and were validated by
sequencing. Data obtained by sequencing were analyzed at the
Department of Dermatology, University of Edinburgh (UK) and at the
Medical University of Vienna (Austria).

Statistical analyses

For the logistic analyses, skin photoaging severity was categorized as
either “mild to moderate’” (grades 11l on the Larnier scale, reference
category) or “severe’” (grades IV-VI). Similarly, eye color was
categorized as light (blue/grey/green/hazel) or dark (brown/black),
and the reported hair color at 20 was grouped as light (red/blond/
light brown) or dark (dark brown/black). BMI was categorized
as underweight-normal (BMI<25 kg m~?), overweight (25<BMI
<30kg m~3), or obese (BMI=30 kg m~2), according to WHO
recommendations (WHQO, 1995). The lifetime sun exposure intensity
score was categorized into three equal-size groups (about 1/3 of the
total sample in each group) using the quantile method (Milton,
1998). These corresponded to low (t1), moderate (t2), and high (t3)
exposure. The lifetime sun exposure intensity score was categorized
as either “low-to-moderate exposure” (score<t2) or “high expo-
sure’” (score=t2), to focus on the highest levels of lifetime sun
exposure.

The presence of MCI1R variants was defined by the presence of
non-synonymous variants, that is to say nucleotide mutation in the
DNA sequence of the gene, which led to a change in the amino-acid
sequence of the protein. The MCIR polymorphisms investigated
were the nine most common variants (V60L, V92M, R151C, R160W,
R163Q, R142H, D294H, 1155T, and D84E), which corresponded
also to those previously described as diminished-function mutations
(Aasland et al., 2000; Wong and Rees, 2005; Beaumont et al., 2007).
The link between MC1R-gene variants and skin photoaging severity
was analyzed by first pooling the nine most common non-
synonymous MCTR-gene variants (Var), to study a possible gene
dosage effect of MCIR (WT/WT, Var/WT, and Var/Var). Then, the
major diminished-function variants (VAR) and minor diminished-
function variants (var) were considered separately (WT/WT, only
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minor variant(s), one major variant, and two major variants). The
major diminished-function variants group included those variants
that have been shown previously to cause significant impairment in
receptor function and are strongly associated with red hair, fair skin,
and skin cancer, namely, D84E, R142H, R151C, R160W, D294E,
and I155T (Wong and Rees, 2005; Beaumont et al., 2007). All
remaining non-synonymous variants were considered minor dimin-
ished-function variants. Finally, the individual effect of each most
common variant was evaluated (WT homozygotes, at least one
specific variant).

Statistical analyses were performed using SAS software release
9.1.3 (SAS Institute, Cary, NC). The associations between severity of
expression of skin photoaging and clinical and demographic
variables were evaluated after adjustment for age using bivariate
logistic regression analyses and AORs generated with their 95%
confidence intervals. Next, bivariate logistic regression analyses
with adjustment for age were performed to evaluate the association
between severity of skin photoaging and the presence of MC1R-gene
variants, and AORs were once again calculated. Finally, multiple
logistic regression analyses were performed to take into account
the possible confounding factors on the association between
MC1R-gene variants and photoaging, and AORs were calculated
with their 95% confidence intervals. All significance levels reported
were two-sided with a threshold of <0.05 considered statistically
significant.
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Annexe 11. Article sur les facteurs de risquesléesgines et

des éphélides

Freckles and solar lentigines have different risk dctors in Caucasian
women

Ezzedine K, Mauger E, Latreille, Jdid R, Malvy D, Gruber F, Galan P, Hercberg
Tschachler E, Guinot C

J Eur Acad Dermatol Venereol, 2012, doi: 10.1111/1468-3083.2012.04685.x

234



DOI: 10.1111/].1468-3083.2012.04685.x

JEADV

ORIGINAL ARTICLE

Freckles and solar lentigines have different risk factors
in Caucasian women

K. Ezzedine,™* E. Mauger,’ J. Latreille,¥ R. Jdid,® D. Malvy,™" F. Gruber,** P. Galan,’
S. Hercberg,*T E. Tschachler,5* C. Guinot*~

TUS57 INSERM, Centre of Research on Human Nutrition lle de France, Paris/Bobigny, France
*Department of Dermatology and University of Bordeaux, Hopital Saint-André, Bordeaux, France
SCER.LE.S. (research centre on human skin founded by CHANEL), Meuilly sur Seine, France
Departments of Intemal Medicine and Tropical Diseases, Hopital Saint-André, Bordeaux, France
**Department of Dermatology, University of Vienna Medical School, Vienna, Austria
TDepartment of Public Health, Hopital Avicenne, Bobigny, France

HComputer Science Laboratory, University Frangois Rabelais, Tours, France

*Correspondence: Dr C. Guinot. E-mail: christiane.guinot@ceries-lab.com

Abstract

Background To date, few epidemiological data on the relationships between solar lentigines, freckles and
behavioural and constitutional risk factors in Caucasian populations exist.

Objectives To investigate the potential impact of behavioural and phenotypic variables, as well as the MC1R
genetic background, on the history of facial freckles and the severity of solar lentigines in Caucasian women.
Methods The severity of solar lentigines was graded from facial digital images of 523 French middle-aged women
by a dermatologist and summarized by a score afterwards. The history of facial freckles was assessed and the sun-
exposure behaviour was characterized using a six-category typology. Risk factors including MC1R polymorphism
were evaluated using logistic regression models.

Results Two constitutive host factors were found to be independently associated with a history of facial freckles:
frequent sunburns and the presence of diminished function variants of the MC1R gene. In addition to age, five
factors were independently associated with solar lentigines: constitutive host factors (dark skin colour and tanning
capacity), a history of freckles, sun-exposure behaviour and current intake of oral contraceptive or progestogen
treatments.

Conclusion These results strengthen the hypothesis that solar lentigines are markers of photoaging, whereas
freckles are mainly determined by genetic factors. The finding that hormonal treatment is associated with a higher
risk for solar lentigines merits further investigations.
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Introduction

Solar lentigines are hyperpigmented macules with well-defined
borders varying in size from a few millimetres to several centime-
tres in diameter, and in colour from light to dark brown." They
are mainly observed in Caucasians and in Asians of Mongolian
extraction.”” Solar lentigines usually appear after the age of 50 on
chronic sun-exposed skin sites.* The different names used for solar
lentigines, i.e. sun-induced freckles, sunburn freckles, freckles in
adulthood, lentigo senilis, age spot and actinic lentigines reflect
their well-established link with ageing and chronic sun exposure.’

JEADV 2012

Freckles are also pigmented spots with irregular but distinct bor-
ders, generally reddish to light brown in colour. In contrast to age
spots, which tend to be distinctly pigmented all year round, pig-
mentation of freckles typically fades during the winter months.® In
Caucasian populations, freckles commonly appear on the face,
neck, chest and arms during childhood, partially disappear with
age, and are more frequently observed in fair phototype individu-
als, in particular those with red hair.® Freckles and solar lentigines
have different pathophysiological origins. Solar lentigines arise
through proliferation of basal melanocytes and a subsequent

@ 2012 The Authors
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increase in melanization.* By contrast, freckles are the result of an
increase in local melanin production.

Variations in normal skin pigmentation is due to several factors:
(1) the ratios of eumelanin and phaeomelanin, (2) the number,
size and distribution of melanosomes and (3) the activation state
of melanocytes.”® Melanin production and the ratio of eumelanin
to phaeomelanin are regulated amongst other mechanisms by the
action of melanocyte-stimulating hormone (MSH). MSH binds to
the melanocortin-1 receptor (MCIR), a 317 amino acid G-protein
coupled receptor encoded by the MCIR gene, localized on
1% Some variations of this gene, leading to
functional impairment of the receptor, have been identified as

chromosome 16d24.3.

important determinants of hair and skin pigmentation in Cauca-
sian populations.'™'* To date, over 75 different MCIR alleles have
been identified, making this gene one of the most variable human
genes.

Up to now, several epidemiological studies have been published
on the relationship between solar lentigines, freckles and behavio-

514,15 . .
Here, we have investi-

ural and constitutional risk factors.
gated the impact of behavioural and phenotypic variables, as well
as of the MCIR genetic background, on the history of facial freck-
les (self-reported) and the severity of solar lentigines (examination
of photographs) in a large sample of French middle-aged Cauca-

sian women.
Materials and methods

Study design and population

This cross-sectional study was performed to investigate skin
ageing in the context of the SUVILMAX cohort (SUpplémenta-
tion en Vitamines et Minéraux Anti-oXydants - antioxidant vita-
min and mineral supplementation), a longitudinal cohort
study, conducted in French middle-aged adults.'® The SU.VL-
MAX study protocol was approved by The Hospital Medicals
Ethics Committee of Paris-Cochin (CCPPRB n°706) and the
‘Commission Nationale de Ulnformatique et des Libertés (CNIL
n°334641). The study was conducted according to Declaration
of Helsinki Principles. All participants gave their written,
informed consent. The cohort included 13 017 subjects who
were representative of the French adult middle-aged population
for most sociodemographic features."” The electronic data cap-
ture and storage system provided an opportunity to conduct
cross-sectional surveys.

This study was conducted in the autumn/winter 2002-2003. All
the women from Paris area were requested to participate in this
research. Among them (n = 2257), 570 women, aged 44-70 years,
agreed to take part in this study and provided informed consents.
These women were asked to follow specific skin-care instructions,
notably application of detergents or cosmetics to the face was not
authorized for at least 12 h before the study visit. Of the 570
women who entered the study, 47 were excluded from this analy-
sis: history of recent antiageing invasive procedures (18 women)

JEADV 2012

and non-Caucasian origin (28 women). In addition, the severity of
solar lentigines could not be assessed for one woman who wore
make-up that altered her natural facial skin colour. The final study
population was thus composed of 523 individuals.

General and phenotypic data collected
Age (in years), height (in metres), weight (in kilograms), smoking
habits (never, former, current), menopausal status and hormonal
treatment (combined oral contraceptive and progestogen treat-
ments) were obtained on the day of the visit from a medical ques-
tionnaire during a standardized interview. Body mass index (BMI in
kg/m?) was categorized as underweight-normal (BMI<25 kg/m?),
overweight (25 < BMI <30 kg/m*) or obese (BMI =30 kg/m?),
according to the WHO recommendations.'® Skin phototype was
recorded according to Fitzpatrick's classification, as follows: “always
burn, never tan’ (skin type 1), ‘always burn, then tan’ (skin type II),
‘always tan, sometimes burn’ (skin type III) and ‘always tan, never
burn’ (skin type IV)."” Natural hair colour at the age of 20, eye
colour, skin colour in winter, sunburn event frequency, suntan
intensity and history of facial freckles were also documented.™

Skin colour was measured on the inner side of the forearm
using a spectrophotometer (Konica Minolta CM2600d, Osaka,
Japan) after 30 min of rest in controlled environmental condi-
tions: room temperature (mean * standard deviation, 21 + 3 °C)
and relative humidity (37 + 5%). The results were expressed in
the CIEL*a*b* colour system. The individual typological angle
(ITA®) was then calculated for each woman and categorized into
three equal size groups using the quantile method: dark (18.1°-
35.8%), medium (35.9°-41.6°) and fair (41.7°-59.0°).*'**

Sun behaviour typology

A self-administered sun behaviour questionnaire was specifically
developed for the SU.VLMAX study. This questionnaire was
addressed to the cohort in 1997 and 2001.* Its reliability, which
was tested by comparing the responses to the lifetime items of the
6027 volunteers who answered both surveys, was satisfactory
showing a consistent stability of the responses. From the data col-
lected in 1997, a series of scores — linear combinations of several
correlated items weighted according to their contribution — were
developed. The design, validation and formula for calculation of
these scores have been described previously elsewhere.** Using the
formula provided, a lifetime sun-exposure score was calculated for
each woman, and the scores were categorized into three equal size
groups using the quantile method.** In addition, a series of items
related to sun-exposure patterns and sunburn events was used for
this study.

Furthermore, the women who declared use of sun protection
products were assigned to one of four sun-exposure behaviour
groups: ‘No voluntary sun exposure, and use of sun protection
products whatever SPE’ (T1), “Voluntary sun exposure <2 h/day
and use of sun protection products with SPF>20" (12), “Voluntary
sun exposure <2 h/day and use of sun protection products with

@ 2012 The Authors

Journal of the Buropean Academy of Dermatology and Venereclogy @ 2012 BEuropean Academy of Dermatology and Venereclogy

236



Risk factors of freckles and lentigines

SPE<207 (13) and “Voluntary sun exposure >2 h/day and use of
sun protection products whatever SPF (T4).” Women who
dedared that they did not use sun-protection products were
attributed to one of two additional groups: ‘No use of sun-
protection products and no voluntary sun exposure’ (10}, or ‘No
use of sun-protection products and voluntary sun exposure’
(T00). The decision tree for assignment of each individual in the
resulting six-category sun behaviour typology is shown in Fig. 1.

MC1R gene polymorphisms

Blood samples were collected the day of the visit to study the poly-
morphism of the melanocortin 1 receptor (MCIR) gene. Analyses
of the data obtained by sequencing were performed at the Depart-
ments of Dermatology at the University of Edinburgh (United
Kingdom) and at the Medical University of Vienna (Austria).
MCIR genotyping was not successful for 13 individuals because
either the DNA sample or PCR product could not be obtained.
Patterns of MCIR gene polymorphism in our population have
been described elsewhere.”® The nine most common variants were
analysed (V60L, V92M, R151C, R160W, R163Q, R142H, D294H,
1155T, D84E). Among these variants, six have previously been
reported” as major penetrant ‘R’ and three as minor penetrant ‘r’.
Therefore, MCIR variants were pooled into three classes according
to the presence of ‘Major’ or ‘Minor’ diminished receptor function
polymorphisms: Wild-Type homozygote (WT/WT), presence of
one or two ‘Minor’ variants (r/r and r/WT), presence of one
‘Major’ variant (R/t, R“WT) and presence of two ‘Major variants’
(R/R). Finally, the individual effect of each variant was also evalu-
ated (WT/W'T vs. at least one specific variant).

Outcome variables
High-resolution digital images of the face of each woman were
taken under standardized conditions that have been described

Use of sun protection
Mo use products Mo use
and no voluntary | and voluntary
TQ Sun exposure Yes, use sun exposure o
Duration of voluntary
No voluntary sun sun exposure per day >2h
exposure |
T < 2‘ " T4
| SPFin sun protection products |
SPF=>20 SPF=20 l

T2 T3

Figure 1 Decision tree for assignment in sun behaviour typol-
ogy.
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elsewhere.®® Afterward, the current presence or absence of freckles
was assessed, and the severity of solar lentigines was graded on the
forehead and cheeks by a dermatologist using a specific six-grade
scale with photographic illustrations.”” Then, the global severity of
SL was estimated by a score built using Principal Component
Analysis and linear regression.” Each individual's score value was
transformed to fit a range between 0 and 10. The formula for the
SL score is as follows: 1.25 * grade on cheeks + 1.25 * grade on
forehead (with grade0 = 0, gradel = 1, grade2 = 2, grade3 = 3,
grade>3 = 4, for each area). To be used as an outcome variable,
the distribution of the score was then dichotomized according to
its median value (low score vs. high score values). Besides, the his-
tory of facial freckles (HFF) was also used as a secondary outcome
variable.

Statistical analyses

All the statistical analyses were performed using SAS® software
release 9.1.3 (SAS Institute Inc., SAS Campus Drive, Cary NC
27513, USA). The relationships between sun behaviour typology
and general and phenotypic data were explored using a chi-
squared test or Fisher's exact test, and their relationships with SL
severity scores and age using Pearson’s correlation coefficients.
Logistic regression analysis was performed to identify items poten-
tially associated with each outcome variable. In the next step, the
variables associated with each outcome variable were entered into
a multivariate logistic regression model, and possible interaction
terms were tested. Associations were expressed as adjusted odds
ratios (AOR) together with their 95% confidence interval (95%
CI) estimates.”*

Results

Women in our study were between 44- and 70-years old
(mean + standard deviation: 58 * 6 years). The severity of solar
lentigines significantly associated with age (r=0.27,
P < 0.0001) and lifetime sun exposure (r = 0.16, P < 0.0002), but
neither with sunburn during childhood nor sunburn during adult-
hood (r = =0.06, P = 0.18 and r = —0.02, P = (.59, respectively).
Besides, sunburn during childhood and sunburn during adulthood

was

were positively associated (r = 0.23, P < 0.0001). Regarding the
sun behaviour typology (Table 1), significant associations were
found for hair and skin colours, suntan intensity, sunburn events
frequency and skin phototype; as well as with items related to sun
exposure.

Concerning history of facial freckles, HFF was significantly asso-
ciated with fair skin colour and with fair phototypes (I, I, and
IlI), and a trend was found for blonde and red hair colour
(Table 2). As expected, HFF was also associated with the presence
of freckles at the time of investigation: among the 213 women
who reported HFF, 52 (24%) were found to present freckles at
visual examination of the facial digital images. In addition, HFF
was also significantly more frequent in women who dedared to
not tan at all or achieving only slight or light suntan intensity, than

@ 2012 The Authors
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Risk factors of freckles and lentigines 5
Table 2 Risk factors for history of facial freckles
History of freckles p* OR [95% CI]
No (n = 307) Yes (n =213)

Age (in years) 57.9 + 6.5t 57.5 + 6.2 0.40 0.99 [0.96 - 1.02]
BMI classification Underweight- 207 (BO)} 137 (40) 0.75 1 -

normal

Overweight 57) 56 (43) 0.56 1.13 [0.75 - 1.70]

Obese 56) 20 (44) 0.55 1.21 [0.65 - 2.26]
Smoking habits MNon-smoker 53) 121 (41) 0.26 1 -

Former smoker 62) 63 (38) 0.49 0.87 [0.59 - 1.29]

Current smoker 50) 29 (50) 0.21 1.44 [0.82 - 2.53]
Menopausal status Menopausal 237 (B0) 158 (40) 0.66 1 -

Non-menopausal 58) 47 (42) 1.10 [0.72 - 1.69]
Hormonal treatments MNever and 53) 196 (41) 0.52 1 -

past intake

Current intake 20 (54) 17 (46) 1.24 [0.64 - 2.44]
Eye colour Blue/grey 89 (64) 51 (36) 0.20 1 -

Green/hazel/ 218 (57) 162 (43) 1.30 [0.87 - 1.93]

brown/black
Hair colour Light & dark 249 (81) 159 (39) 0.08 1 -

brown/black

Blond/red 52) 54 (48) 1.46 [0.96 - 2.22]
Skin colour Dark 75) 29 (25) 0.0001 1 -

Fair 55) 184 (45) 247 [1.55 - 3.93]
Individual Typology Angle (tertiles) Dark 63) 61 (37) 0.0288 1 -

Intermediate 108 (64) 62 (37) 0.96 0.99 [0.63 - 1.54]

Fair 51) 81 (49) 0.0237 1.66 [1.07 - 2.57]
Curment presence of freckles None 64) 161 (36) =.0001 1 -

Present 33) 52 (68) 3.64 [2.18 - 6.10]
Suntan intensity Dark./very dark 65) 71 (35) 0.0182 1 -

None/slight/light 55) 142 (45) 1.55 [1.08 - 2.23]
Sunburn event frequency MNone/rare 67) 124 (33) <.0001 1 -

Frequent/constant 40) 89 (61) 3.08 [2.08 - 4.57]
Sunburn during childhood No 87 (70) 37 (30) 0.0032 1 -

Yes 55) 168 (45) 1.93 [1.25 - 2.98]
Sunburn during adulthood Mo 73) 8(27) 0.1 1 -

Yes 58) 203 (42) 1.98 [0.86 - 4.53]
Skin phototype v 82) 14 (18) <.0001 1 -

n 60) 77 (40) 0.0010 2.97 [1.55 - 5.67]

Il 50) 101 (51) <.0001 4.52 [2.38 - 8.59]

1 60) 21 (40) 0.0073 3.00 [1.35 - 6.69]
Exposure during mountain sports§ No 191 (60) 126 (40) 0.46 1 -

Yes 57) 81 (43) 1.15 [0.80 - 1.65]
Exposure during nautical sportsy Mo 53) 164 (41) 0.80 1 -

Yes 60 (60) 40 (40) 0.94 [0.60 - 1.48]
Exposure during hobbies™* No 61) 109 (39) 0.19 1 -

Yes 55) 99 (45) 1.27 [0.89 - 1.82]
Nudism practice No 60) 186 (40) 0.23 1 -

Yes 51) 22 (49) 1.45 [0.79 - 2.68]
Artificial UV device Practicett Mo 53) 163 (41) 0.84 1 -

Yes 63 (58) 46 (42) 1.04 [0.68 - 1.60]
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Table 2 Contiuned

History of freckles P OR [95% CI]
No (n = 307) Yes (n =213)
Exposure during professional activities™ No 290 (59) 200 41) 0.99 1 -
Yes 13 (59) 9 (41) 1.00 [0.42 - 2.39]
Lifetime sun exposure (tertiles) Low score 100 (62) 61 (38) 0.43 1 -
values
Medium 98 (55) 79 (45) 0.21 1.32 [0.86 - 2.04]
score
values
High score 109 (60) 73 (40) 0.67 1.10 [0.71 = 1.70]
values
Self-assessed lifetime sun-exposure intensity MNone/low 84 (63) 50 (37) 0.32 1 -
Moderate/high 223 (58) 163 (42) 1.23 [0.82 - 1.84]
Consideration for lying in the sun Mone./not 228 (59) 159 (41) 0.96 1 -
important
Very/extremely 71 (59) 49 (41) 0.99 [0.65 - 1.50]
important
Sun behaviour typology T 67 (59) 46 (41) 0.31 1 -
T2 29 (52) 27 (48) 0.35 1.36 [0.71 - 2.58]
T3 62 (63) 37 37) 0.62 0.87 [0.50 - 1.51]
T4 28 (49) 29 (51) 0.21 1.51 [0.79 - 2.86]
TO 33 (67) 16 (33) 0.33 0.71 [0.35 - 1.43]
TOO 34 (64) 19 (36) 0.55 0.81 [0.41 - 1.60]
Major/minor variants classifications
MC1R classification§§ WTAWT 134 (75) 44 (25) - - -
1 or 2 Minor 112 (58) 82 (42) - - -
variants
Only 1 Major 52 (44) 65 (56) - - -
variant
Two Major 0(0) 15 (100) - - -
variants
MC1R classification WT/WT 134 (75) 44 (25) <.0001 1 -
1 or 2 Minor 112 (58) 82 (42) 0.0004  2.23 [1.43 - 3.48]
variants
At least one 52 (39) 80 (61) <.0001 4.69 [2.88 - 7.63]

Major variant

Minor diminished function variants

VEoL WT/WT 134 (75) 44 (25) <.0001 1 -

Var 68 (52) 63 (48) 2.82 [1.74 - 4.57]
Vazm WT/WT 134 (75) 44 (25) 0.0008 1 -

Var 39 (53) 34 (47) 2.65 [1.50 - 4.71]
R163Q WT/WT 134 (75) 44 (25) 0.19 1 -

Var 24 (85) 13 (35) 1.65 [0.77 - 3.51]
Major diminished function variants
R151C WT/WT 134 (75) 44 (25) <.0001 1 -

Var 23 (41) 33 (59) 4.37 [2.32 - 8.22]
R160W WT/WT 134 (75) 44 (25) 0.0003 1 -

Var 14 (42) 19 (58) 4.13 [1.91 - 8.92]
D294H WT/WT 134 (75) 44 (25) 0.0003 1 -

Var 6 (32) 13 (68) 6.60 [2.37 - 18.40]
R142H WT/WT 134 (75) 44 (25) 0.0002 1 -

Var 5 (28) 13 (72) 7.92 [2.67 - 23.46]

@ 2012 The Authors
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Risk factors of freckles and lentigines 7

Table 2 Contiuned

History of freckles p* OR [95% Cl]
NDIH:m Yes[n=213}
1155T WT/WT 134 (75) 44 (25) 0.0059 1 =
Var 3 (30) 7 (70 7.10 [1.76 — 28.66]
DS4E WT/WT 134 (75) 44 (25) 0.0141 1 -
Var 1(17) 5 (83) 15.22 [1.73 - 133.82]

*P value of Wald test. tMean + standard deviation. $Frequency and (%), due to possible missing values the sum of the cell frequencies can be smal-
ler than the total indicated in the top of the columns. §Hiking, climbing, mountaineering, snowshoeing, cross-country skiing, alpine skiing. YRowing,
kayaking, canoeing, windsurfing, water skiing, sailing, boat, sea fishing, angling. **Gardening, fishing, golf, tennis, cycling, jogging, hiking, horse rid-
ing, t1Ten volunteers who had artificial UV sessions for medical reasons were excluded. $4Farmer, seasonal worker, postman, gym teacher, tennis
instructor, coach travel, employee in camping, archaeologist. 55due to the distribution, no statistics can be computed, therefore the two last catego-
ries were pooled at least 1 Major variant.

Cl, 95%, Confidence Interval; OR, Odd Ratio.

Table 3 Independent risk factors for history of facial freckles

History of freckles™ Pt AORt [95% CI]
No (n = 298) Yes (n = 206)
MC1R classification WTAWT 134 (75)% 44 (25) <0001 1 -
1 or 2 Minor variants 112 (58) 82 (42) 0.0012 2.12 [1.35-3.33]
At least one Major variant 52 (39) B0 (61) <0001 4.0 [2.43-6.60]
Sunburn event frequency MNone/rare 240 (B7) 119 (33) =.0001 1 -
Frequent/constant 58 (40) 87 (60) <.0001 2.58 [1.71-3.90]

*Due to missing values this analyse was performed on 504 women.
1P values of Wald test

$0dds Ratios are adjusted on all items.

§Frequency and (%}

Cl, 95% confidence interval.

in women declaring frequent sunburn and in those reporting sun-
burns in childhood. Concerning MCI1R gene polymorphism, HFF
was found to be significantly linked to the presence of diminished
function variants, except for R163Q. After adjustment for multiple
factors (Table 3), HFF remained significantly associated with self-
reported frequency of sunburn and with the presence of dimin-
ished function variants, the 15 women with two major variants
always reporting history of facial freckles.

As expected, solar lentigines severity was significantly associ-
ated with age (Table 4). They were also more severe in women
with green, hazel, brown or black eyes, with light brown, dark
brown and black hair colour, in women with darker skin col-
our (measured by ITA), in those with a history of freckles
(HFF), and those with current presence of freckles. Solar lenti-
gines were significantly more frequent in women who declared
to achieve a dark or very dark suntan intensity, and in women
with phototypes 11 and IIL Significant associations were also
found with current intake of combined oral contraceptive or
progestogen treatments and the practice of nautical sports, and
trends were observed for practice of other hobbies and profes-
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sional activities involving with high sun exposure. In addition,
significant positive associations were also found with lifetime
sun exposure. The presence of SL was also significantly linked
with sun behaviour typology with risk increasing from 12 to
T4. About MCIR gene polymorphism, a significant association
was only observed for the RI60W variant. After adjustment for
multiple factors (Table 5), SL remained significantly associated
with age, and with dark and very dark suntan intensity, dark
skin colour, a history of freckles, the two most risky behaviours
regarding sun exposure (13 and T4) and current intake of
combined oral contraceptive or progestogen treatments.

Discussion

This study aimed to investigate the impact of behavioural and
phenotypic variables, as well as the MCI1R genetic background, on
self-reported history of facial frecldes and on directly observed
severity of solar lentigines in a large sample of French middle-aged
Caucasian women. To the best of our knowledge, this is the first
study that combines such variables in the assessment of factors
determining the severity of SL and the HFF.

@ 2012 The Authors
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Table 4 Age-adjusted risk factors for solar lentigines

Solar lentigines P AORt [95% CI]
Low score High score
(n = 260) (n = 263)

Age (in years) 56.4 + 6.24 59.0 + 6.3 <.0001 1.07 [1.04 - 1.10]
BMI classification Underweight-normal 169 (49)§ 176 (51) 0.43 1 -

Overweight 65 (49) 68 (51) 0.64 0.91 [0.60 - 1.37]

Obese 26 (58) 19 (42) 0.20 0.66 [0.35 - 1.25]
Smoking habits Mon-smoker 140 (47) 156 (53) 0.59 1 -

Former smoker 91 (54) 78 (46) 0.43 0.85 [0.58 - 1.26]

Current smoker 29 (50) 29 (50) 0.67 1.13 [0.63 - 2.03]
Menopausal status Menopausal 187 (47) 210 (53) 0.16 1 -

MNon-menopausal 66 (59) 46 (41) 1.51 [0.85 - 2.69]
Hormonal treatments Mever and past intake 244 (50) 242 (50) 0.0056 1 -

Current intake 16 (43) 21 (57) 2.83 [1.36 - 5.90]
Eye colour Blue/grey 84 (B0) 56 (40) 0.0027 1 -

Green/hazel/brown/black 173 (46) 207 (55) 1.85 [1.24 - 2.78]
Hair colour Blond/red 66 (59) 46 (41) 0.0241 1 -

Light & dark 191 (47) 217 (53) 1.65 [1.07 - 2.54]

brown/black
Skin colour Fair 205 (51) 200 (49) 0.44 1 -

Dark 52 (45) 63 (55) 1.18 [0.77 - 1.81]
Individual Typology Angle (tertiles) Fair 94 (56) 73 (44) 0.0004 1 -

Intermediate 91 (54) 79 (47) 0.33 1.25 [0.80 - 1.95]

Dark 67 (40) 99 (60) 0.0001 2.45 [1.55 - 3.89]
Current presence of freckles None 230 (52) 216 (48) 0.0355 1 -

Present 30 (39) 47 (B1) 1.72 [1.04 - 2.85]
History of freckles (self-declared) MNone 183 (60) 124 (40) <.0001 1 -

Present 74 (35) 139 (65) 3.03 [2.08 - 4.41]
Suntan intensity MNone. slight/light 170 (54) 145 (46) 0.0062 1 -

Dark/very dark 87 (42) 118 (58) 1.66 [1.15 - 2.39]
Sunburn event frequency Mone.rare 182 (49) 191 (51) 0.89 1 -

Frequent/constant 75 (51) 72 (49) 1.03 [0.69 - 1.52]
Sunburn during childhood No 58 [47) 66 (53) 0.85 1 -

Yes 190 (51) 183 (49) 0.96 [0.63 - 1.46]
Sunburn during adulthood No 13 {43) 17 (57) 0.68 1 -

Yes 242 (50) 243 (50) 0.86 [0.40 - 1.82]
Skin phototype | 36 (69) 16 (31) <.0001 1 -

Il 105 (52) 97 (48) 0.0083 2.47 [1.26 - 4.85]

1] 76 (39) 117 (61) <.0001 4.12 [2.09 - 8.12]

I\ 43 (57) 33 (43) 0.15 1.74 [0.81 = 3.74]
Exposure during mountain sports? No 164 (52) 153 (48) 0.15 1 -

Yes 87 (46) 101 (54) 1.31 [0.90 - 1.89]
Exposure during nautical sports** No 207 (52) 189 (48) 0.0221 1 -

Yes 41 (41) 59 (59) 1.71 [1.08 - 2.70]
Exposure during hobbiestt No 150 (54) 127 (46) 0.07 1 -

Yes 96 (44) 123 (56) 1.41 [0.98 - 2.02]
Mudism practice No 234 (50) 234 (50) 0.44 1 -

Yes 20 (44) 25 (56) 1.28 [0.68 - 2.38]
Avrtificial UV device practicett No 197 (50) 199 (50) 0.13 1 -

Yes 49 (45) 60 (55) 1.40 [0.90 - 2.17]
Exposure during§§ No 243 (50) 247 (50) 0.25 1 -
professional activities Yes 9 (41) 13 (59) 1.69 [0.69 - 4.12]
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Risk factors of freckles and lentigines 9
Table 4 Contiuned
Solar lentigines P AOR"T  [95% CI]
Low score  High score
(n = 260) (n =263)

Lifetime sun exposure (tertiles) Low score values 97 (60) 64 (40) 0.0024 1 -

Medium score values 81 (48) 96 (54) 0.0099  1.79 [1.15 - 2.79]

High score values 79 (43) 103 (57) 0.0oo8 2.2 [1.36 - 3.31]
Self-assessed lifetime sun-exposure intensity  None/low 85 (63) 49 (37) <.0001 1 -

Moderate/high 172 (45) 214 (55) 2.32 [1.53 - 3.51]
Consideration for lying in the sun MNone/not important 209 (54) 178 (46) 0.0003 1 -

Very/extremely important 42 (35) 78 (65) 2.23 [1.45 — 3.44]
Sun behaviour typology T 69 (61) 44 (39) 0.0007 1 -

T2 26 (46) 30 (54) 0.0454  1.98 [1.01 - 3.85]

T3 43 (43) 56 (57) 0.0080 2.15 [1.22 - 3.79)

T4 17 (30) 40 (70) <0001 4.25 [2.10 - 8.59]

T0 28 (57) 21 (43) 0.83 1.08 [0.54 - 2.17]

TOO 29 (55) 24 (45) 0.66 1.16 [0.59 - 2.30]
Major/minor varants classifications
MC1R classification WT/WT 90 (50) 89 (50) 0.61 1 -

1 or 2 Minor variants 102 (52) 93 (48) 0.82 0.95 [0.63 - 1.44]

Only 1 Major variant 54 (48) 63 (54) 0.43 1.21 [0.75 - 1.96]

Two Major variants 6 (40) 9 (B0) 0.37 1.65 [0.55 — 4.95]
Minor diminished function variants
VB0L WT/WT 90 (50) 89 (50) 0.30 1 -

Var 75 (57) 57 (43) 0.78 [0.49 - 1.24]
V92M WT/WT 90 (50) 89 (50) 0.38 1 -

Var 33 (45) 40 (55) 1.29 [0.73 - 2.27]
R163Q WT/WT 90 (50) 89 (50) 0.89 1 -

Var 19 (51) 18 (49) 1.05 [0.51 - 2.18]
Major diminished function variants
R151C WT/WT 90 (50) 89 (50) 0.42 1 -

Var 25 (45) 31 (55) 1.29 [0.70 - 2.37]
R160W WT/WT 90 (50) 89 (50) 0.049 1 -

Var 10 (30) 23 (70) 2.28 [1.00 - 5.16]
D294H WT/WT 90 (50) 89 (50) 0.1 1 -

Var 14 (74) 5 (26) 0.41 [0.14 - 1.22]
R142H WT/WT 90 (50) 89 (50) 0.39 1 -

Var 7 (39) 11 (61) 1.56 [0.57 - 4.31]
1165T WT/WT 90 (50) 89 (50) 0.20 1 -

Var 7 (70) 3 (30) 0.39 [0.09 - 1.66]
D84E WT/WT 90 (50) 89 (50) 0.13 1 -

Var 2 (33) 4 (67) 4.03 [0.67 - 24.19]

*P value of Wald test. tFor each variable, Odds Ratio is age-adjusted, except for age. $95% confidence interval. §Mean + Standard Deviation, ¥Fre-
quency and (%), due to possible missing values the sum of the cell frequencies can be smaller than the total indicated in the top of the columns.
**Hiking, climbing, mountaineering, snowshoeing, cross-country skiing, alpine skiing. t+1Rowing, kayaking, canoeing, windsurfing, water skiing, sailing,
boat, sea fishing, angling. +Gardening, fishing, golf, tennis, cycling, jogging, hiking, horse riding. §5§Ten volunteers who had artificial UV sessions for
medical reasons were excluded. Y¥Farmer, seasonal worker, postman, gym teacher, tennis instructor, coach travel, employee in camping, archaeolo-

gist.
Cl, Confidence Interval.

As reported previously, we found that development of freckles
and solar lentigines was associated with distinct risk factors.
For example, age was found to be a significant risk factor for SL
but not for HFF. In contrast, two independent constitutive host

JEADV 2012
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factors related to melanodeficiency were found to be associated
with HFF: on one hand, these were frequent and constant sun-
burns; on the other, the presence of MCIR variants, with an
increasing dosage effect according to the extent of reduction in

@ 2012 The Authors
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Table 5 Independent risk factors for solar lentigines

Solar lentigines* Pt AORt [95% CI]
Low score High score
(n = 2086) (n = 206)
Age 56.3 + 6.3§ 58.9 + 6.2 <.0001 1.12 [1.08 - 1.17]
Suntan intensity Nonesslight/light 141 (57)" 107 (43) 0.0086 1 -
Dark/very dark (40) 99 (60) 1.96 [1.19 - 3.24]
History of freckles (self-declared) MNone 149 (61) 97 (39) <.0001 1 -
Present (34) 109 (66) 3.99 [2.48 - 6.41]
Individual Typology Angle (tertiles) Fair (56) 58 (44) 0.0210 1 -
Intermediate (55) 63 (45) 0.28 1.35 [0.78 - 2.34]
Dark 55 (39) 85 (61) 0.0060 2.27 [1.26 - 4.08]
Sun behaviour typology ™ (B2) 42 (38) 0.0209 1 -
T2 (46) 29 (54) 0.18 1.66 [0.79 - 3.49]
T3 42 (43) 55 (57) 0.0211 2.12 [1.12 - 4.00]
T4 16 (31) 36 (69) 0.0041 3.19 [1.44 - 7.03]
T0 28 (58) 20 (42) 0.51 1.28 [0.61 - 2.72]
To0 (53) 24 (47) 0.78 0.90 [0.42 - 1.93]
Hormonal treatments MNever and past intake 193 (51) 188 (49) 0.0044 1 -
Current intake 13 (42) 18 (58) 3.73 [1.51 -9.21]

*Due to missing values, this analysis was performed on 412 women.
tF values of Wald test.

$0dds Ratios are adjusted on all items.

§Mean + standard deviation.

f[Frequency and (%)

Cl, 95% confidence interval.

function of the receptor, i.e. the effect was more pronounced in
individuals carrying major variants than in those carrying minor
variants. In addition to age, several other independent risk factors
were identified for SL. These included constitutive host factors
related to melanocompetency (dark skin colour and efficient tan-
ning capacity), a history of facial freckles and behaviour related to
sun exposure and sun protection (voluntary sun exposure of >2 h
daily associated with sun-protection products and voluntary sun
exposure of <2 h daily using sun protection-products with an SPF
<20).

As previously reported, we found in age-adjusted analysis that
darker Caucasian phototypes and their related phenotypic items,
history of facial freckles and lifetime sun exposure, were positively
associated with the severity of SL. Conversely, we did not find a
significant link between a history of sunburn and the severity of
SL. As expected, we found an assodation between a history of
freckles and skin phototype. In addition, and as reported previ-
ously®, a history of freckles was a more reliable variable than the
current presence of freckles, as freckles tend to fade with age.

Concerning MCIR gene variants, only one variant, R160W, was
found to be associated with a higher risk of SL. This major dimin-
ished function variant has been shown to be associated with a
decreased ability to stimulate the production of cycic AMP in
response to melanocortin and with reduced cell-surface expres-

JEADV 2012

sion, suggesting impaired processing of the MCIR protein.”'**

Moreover, Sanchez-Laorden et al demonstrated that R151C and
R160W variants show an aberrant anterograde trafficking with
intracellular retention, which accounts for their functional impair-
ment.** In addition, Cario-André et al. have demonstrated by elec-
tron microscopy that melanocytes in solar lentigines, but not in
perilesional skin, showed an activated phenotype, with aberrant
trafficking of melanosomes, leading to an accumulation of these
organelles within the cell, which tended to aggregate into polymel-
anosomes.* Taken together, these findings may shed light on a
possible role of R160W in melanosome transfer and in the activa-
tion of melanocytes. In this context, our results suggest a partly
common pathway in the development of SL and facial freckles
through the action of the R160W gene variant. However, we can
presume that with greater numbers of carriers of other major
diminished function variants than those we have in our study, we
could have additional significant results.

Finally, we found a positive association between the severity of
SL and current intake of hormonal treatments that persisted after
adjustment for multiple factors. This association has not been
reported previously and thus needs further investigation. However,
hormonal replacement therapies have been implicated in the
development of melasma, although the exact pathological mecha-

nisms by which they act are not fully understood.*® A recent

@ 2012 The Authors
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study has shown that melasma is caused by an increase in the
number of melanosomes in the epidermis. These same authors
have found that a subset of modulators of the Wnt pathway was
upregulated in melasma® In parallel, a microarray analysis has
identified upregulation of the SFRP1 gene in SL. The protein
encoded by this gene is part of the Wnt pathway, and may thus be
a common pathophysiological intermediary for the development
of both melasma and SL.** Moreover, like SL, melasma is more
common in darker skin phototypes, suggesting that there may be
a role for genetic variations associated with pigment production in

melasma.***?

However, the possible impact of MCIR variants
on melasma occurrence and severity remains to be investigated.

A notable finding of our study was that SL was found to be
strongly associated with sun behaviour typology: the risk of SL
increased with more risky sun-exposure behaviour. In contrast,
such an association was not found for facial freckles. These obser-
vations reinforce the hypothesis that SL is a marker of skin photo-
aging, and thus of sun-exposure behaviour, whereas freckles are

mainly determined by inherited factors.
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A Genome-Wide Association Study in Caucasian
Women Points Out a Putative Role of the
STXBP5L Gene in Facial Photoaging
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A genome-wide association study (GWAS) was conducted on 502 French middle-aged Caucasian women to
identify genetic factors that may affect skin aging severity. A high-throughput Illumina Human Omnil-Quad
beadchip was used. After single-nucleotide polymorphism (SNP) quality controls, 795,063 SNPs remained for
analysis purposes. Possible stratification was first examined using the Eigenstrat method, and then the relation-
ships between genotypes and four skin aging indicators (global photoaging, lentigines, wrinkles, and sagging)
were investigated separately by linear regressions adjusted on age, smoking habits, lifetime sun exposure,
hormonal status, and the two main Eigen vectors. One signal passed the Bonferroni threshold (P=1.53 x 10°H
and was significantly associated with global photoaging. It was also correlated with the wrinkling score and the
sagging score. According to HapMap, this SNP, rs322458, was in linkage disequilibrium (LD) with intronic SNPs of
the STXBP5L gene, which is expressed in the skin. In addition, it was also in LD with another SNP that increases the
expression of the FBXO40 gene in the skin. These two genes, which were not previously described in the context

of aging, may constitute good candidates for the investigation of molecular mechanisms of skin photoaging.

fournal of Investigative Dermatology advance online publication, & December 2012; doi:10.1038/id.2012.458

INTRODUCTION

Similar to other organs, skin ages owing to passage of time.
Skin aging is influenced both by inherited intrinsic factors and
by extrinsic or environmental factors, such as chronic UV
exposure and smoking (Malvy et al., 2000; Yaar and Gilchrest,
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2007} Intrinsic aging is an ineluctable process and is due to
the genetically determined natural degeneration of the cell
functioning and loss of extracellular matrix with age (Yaar and
Gilchrest, 1990}, Its clinical phenotype on the skin is mainly
characterized by fine wrinkles and dry, thin, and pale skin
(Fisher et al., 2002; Makrantonaki and Zouboulis, 2007).

The main factor responsible for extrinsic aging of the skin is
UVR. UV-induced skin aging or photoaging is defined as the
premature occurrence of signs of aging on the skin, and
presents with characteristic momphological changes of both the
epidermal and dermal compartments (Rabe et al., 2006; Yaar
and Gilchrest, 2007). A number of hereditary phenotypic
features influence the severity of photoaging, most notably
skin color (Kligman and Kligman, 1999; Malvy et al, 2000),
and skin phototype (Fitzpatrick, 1988). Individuals with dark
phototypes (11-4V) commonly exhibit more “hypertrophic
responses’ such as deep wrinkling, coarseness, and lenti-
gines, whereas fair phototype individuals (-1} generally show
fewer wrinkles with epidermal atrophy, focal depigmentation,
as well as dysplastic changes, such as actinic keratosis,
nonmelanoma, and melanoma skin cancers (Rabe et al,
2006; Yaar and Gilchrest, 2007; Puizinadvié, 2008).

Up to now, the exploration of the genes affecting skin aging
has remained limited to MCIR gene (Elfakir et al, 2010;
Suppa et al, 2011}, or to genes involved in genetic
pathologies with accelerated skin aging (Rooryck et al,
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2008; Soufir et al, 2010). A candidate gene approach
has previously established associations between MCIR gene
variants, particularly loss-offunction variants, with an
increased risk of severe photoaging (Elfakir ef al., 2010). In
addition, a few studies conducted in twin cohorts have
explored the associations between environmental factors,
skin aging, and gene expression (Plomin ef al, 1994; Shekar
et al., 2005, 2006; Christensen et al,, 2009).

To unravel new genetic associations with skin aging in a
systematic way, we have undertaken a genome-wide study on
a well-defined sample of Caucasian women from the SU.VI1.-
MAX (SUppi'émeni‘affon en Vitamines et Minéraux Anti-
oXydants (Antioxidant Vitamin and Mineral Supplementation))
cohort (Hercberg et al,, 2004). To the best of our knowledge,
no genome-wide association study (GWAS) targeting skin
aging in middle-aged women of European-derived ancestry
has been previously reported.

RESULTS

Using the lllumina HumanOmni1-Quad BeadChips, we con-
ducted a GWAS by testing associations between single-
nucleotide polymorphisms (SNPs) and global skin phatoaging
on a large sample of French middle-aged women from
the SU.VL.MAX cohort. After the various quality-control tests
(see Materials and Methods), 795,063 genotyped SNPs were
available for 502 women.

Table 1 describes the sample of women according to the
severity of photoaging. We also computed the correlations
between the age and the outcome variables (Table 2). We
found that the cormrelations with age were all statistically
significant (P<0.0001): 0.56 for the grade of photoaging,
0.61 for the score of wrinkling and the score of sagging, and
0.27 for the score of lentigines. Similarly, the correlations
between the grade of photoaging and the other outcome
variables were also statistically significant (P<0.0001): 0.78
for the score of wrinkling, 0.66 for the score of sagging, and
031 for the scare of lentigines; the correlation between the
score of wrinkling and the score of sagging reached 0.71
(P<0.0001; Table 2).

Qur core association analysis focused on genotypic associa-
tions obtained using linear regressionf- after correction
for stratification and nongenetic skin aging factors. Figure 1
presents the distribution of the P-values obtained for each SNP
along the chromosomes (Manhattan plot). One SNP located
on the chromosome 3 (locus 3q13.33), rs322458, passed the
Bonferroni threshold (6.28 x 10~ % with P=1.53 % 109,
According to HapMap, this SNP is in linkage disequilibrium
(LD} with five SNPs positioned in intronic regions of the
STXBP5L gene (rs470647, rs612545, rs617332, rs645045, and
r51795413), and with two intergenics SNPs (15377374 and
r5450614; Figure 2). A more refined analysis suggested that
the effect was likely recessive. Indeed, when regrouping the
individuals according to their grade of skin -photoa-ging,
the frequency of the homozygous rs3224587-AA genotype
was clearly inversely proportional with phatoaging
severity (Figure 3): from 28% of homozygous subjects among
grade 1 to 4% among grade 5. To further investigate the
15322458 SNP, we assessed its putative impact on each
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phenatype: lentigines, wrinkling, and sagging. No relationship
was found with the lentigines score (P=0.63), whereas
significant links were found with wrinkling and sagging scores
(respectively, P=5.6x 10 ° and P=1.76 x 10 7).

Moreover, bioinformatics databases were investigated for
possible associations between SNPs and mRNA expression,
regulation (splicing, polyadenylation, and miRNA), and also
for putative transcription binding sites. According to Genevar
(Nica et al,, 2011), the genotype rs470647-AA (5470647 is in
LD with the rs322458; see Figure 2) increases the expression
in skin of a neighboring gene, FBXO40 (P=6x10 "
Figure 4). The 15470647 SNP and FBXO40 are at a d]Slﬂn[E
of 683 kb.

To further investigate other possible associations, we also
computed all the haplotypes based on two SNPs derived from
both STXBP5L and FBXO40 genes. Only three haplotypes
were strongly associated with photoaging (Figure 4) and they
1mp]1cated the rs322458 SNP. These hap]mypes involved
one exonic SNP and one 3'-untranslated region of the
STXBP5L gene (respechve]y, r517740066 P=627 %107
and rs6782033, P=396x10"", and one intronic SNP
of the FBXOM40 gene (156775699, P=9.52x 10 '%). The
1517740066 and rs6782033 SNPs were in partial LD with
15322458 (I =1); in other words, the G allele frequency of
15322458 SNP was identical with that of the haplotypes GG
(rs322458-1517740066) and GA (rs322458-156782033). Inter-
estingly, the rs17740066 SNP corresponds to the Val855lle
protein variation and rs6782033 SNP corresponds to a
putative binding site for a miRNA (hsa-mir-892b; Figure 4).
There was no LD between the two SNPs, rs6775899
and rs322458 (F=0.014 and [ =0.2). However, the GA
haplotype (rs322458-1s6775899) also exhibited a significant
P-value (P=9.52 %109, suggesting it might also be a
haplotype of interest.

DISCUSSION

We have described here a GWAS investigating possible
associations between SNPs and global skin photoaging. This
research yielded an association for the 5322458 SNP con-
nected to the STXBPS5L gene with severity of skin photoaging,
the rs322458-AA genotype being inversely linked with the
severity of skin :l;,m;:, This SNP was also associated with the
wrinkle and sagging scores that are defined independently
from the grade of photoaging, but it was not associated with
the lentigines score, suggesting that: (1) its role in photoaging
does not include pigmentary disorders; and (2) molecular
mechanisms might be shared by sagging and wrinkling.
According to the HapMap database, this SNP is also poly-
morphic in the Asian and African populations, and thus it
would also be worth investigating these populations. As for
any GWAS, additional genetic studies will be needed to affirm
this association.

Another alias for STXBP5L is LLGLA, as it is homologous to
the Lethal giant larvae (Lgl) drosophila gene (Katoh and
Katoh, 2004). The protein coded by STXBP5L contains five
WD40 repeats (or B-transducin repeats) and a C-terminal
syntaxin-binding (STXB) domain. Lgl regulates epithelial
polarity and, when mutated, may lead to tumor-like
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Table 1. Descriplion of (he population according lo pholoaging severily

Photoaging severity
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5/6 '
N=43 N=86 N=174 N=150 N=49 Total, N=502 Pvalue of test

Age (years) 501 142% 54.1£5.0 568155 609156 62.6+£5.2 576164 <0.0001%

Lifetime sun exposure (score) 53%£3.4 5.1+£35 52136 55135 55+£35 5.3+3.5 0.84°

BMI classification 0.49*
MNormal 28 (B.47 57 (17.0) 121 (36.1) 94 (28.1) 35 (10.4) 335 (66.7)

Overweight 9(7.4) 19 (15.6) 37 (303 45 (36.9) 12(9.8) 122{24.3)
Obese 61(13.3) 10(222) 16 (35.6) 11 (24.5) 2 (4.4) 45 (9.00

Hormonal status <0.0001"
Nonmenopausal 27 (28.7) 24 (255) 32 (34.0) 9 (9.6) 2(2.2) 94 (18.7)

Menopausal with HRT 9(34) 40 (153) 98 (37.4) 92 35.1) 23 (8.8) 262 {52.2)
Menopausal without HRT 7 (4.8) 22 (151) 44 (30.1) 49 33.6) 24 (16.4) 146 (29.1)

Smoking habits 061"
Newver 23 (8.0 45 (15.7) 100 {35.00 86 (30.1) 32{11.2) 286 (57.0)

Former smoker 15(9.3) 34 (213) 50(31.3) 47 (29.5) 14 (8.7) 160 {31.9)
Current smoker 5(8.9) 7 (12.5) 24 ( 42.8) 17 (30.4) 3(5.4) 56 (11.1)

Eve color 021"
Blue/gray 14 (10.3) 18 (13.2) 50 (36.8) 36 (26.5) 18 (13.2) 136 (27.2)
Greenhazelbrownblack 28(7.8) 68 (18.7) 122 {33.6) 114 31.4) 31 (8.5) 363 (72.8)

Hair color at 20 years 0.08"
Blond/red 4.(3.7) 20 (18.6) 40 (37.0) 23 (259) 16 (14.8) 108 (21.6)

Light and dark brown/black 38(9.7) 66 (16.9) 132 (33.8) 122 31.2) 33 (8.4) 391 (78.4)

Skin color without tanning 0.78*
Fair 35(9.0) 65 (16.8) 136 (35.0) 113(29.2) 39 (10.00 388 (77.8)

Dark 7 (6.3) 21 (18.9) 36 (32.4) 37 333 T0(9.00 1114{22.2)

History of facial freckfes 040"
No 25(8.5) 55 (18.7) 104 (35.4) 87 (29.6) 23 (7.8) 294 (58.9)

Yes 17 (8.3) 31 (15.1) 68(33.2) 63 (30.7) 26(12.7) 205 (41.1)

Suntan intensity 071t
Nonefslight/tight 23 (7.7 49 (163) 101 (33.7) 96 (32.00 31 (10.3) 300 (60.1)

Darkivery dark 19 (9.5) 37 (18.6) 71(35.7) 54 (27.2) 18(9.0) 199 (39.9)

Sunburm event frequency 074%
Nonefrare 28 (7.8) 61 (17.00 123 (34.4) 113 (31.6) 33(9.2) 358{71.7)
Frequent/constant 14 (9.9) 25 {17.7) 49 (34.8) 37 26.2) 16 (11.4) 141 (28.3)

Abbreviations: BMI, body mass index; HRT, hormonal replacement therapy.

'As a single woman had grade 6, she had been grouped with grade 5 individuals.

Mean +5D.
Analysis of variance (ANOVA) test.
MThe 3 test,

*Frequency and (%): because of possible missing values, the sum of the cell frequencies can be smaller than the total indicated in the top of the columns.

phenotype development. According to bioinformatics analysis
(UniProt, 2011), STXBP5L seems to be implicated in vesicle
trafficking and could have a role in exocytosis ( (Katoh and
Katoh, 2004; UniProt, 2011). Interestingly, STXBP5L has
previously been associated with liver fibrosis risk in
Caucasians and with chronic hepatitis C infection (Li et al.,

2009). STXBP5L is expressed in several tissues, including the
skin (Safran et al, 2010), and is also expressed in lung
carcinoid and germ cell tumors (Katoh and Katoh, 2004).
Bioinformatics  database exploration pointed out the
possible role of the SNP rs322458 in the skin expression of
a neighboring gene, FBXO40. Haplotype analysis of the
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Table 2. Correlation coefficients belween age and
outcome variables

Score of  Score of  Score of Grade of
Age wrinkling  sagging  lentigines photoaging

Age 1 .61 .61 0.27 0.56
Score of 1 o7 0.31 0.78
wrinkling
Score of 1 0.26 0.66
sagging
Secore of 1 0.31
lentigines
Grade of 1
photoaging

8 15322458

Bonfarron
7 cutoff
3

o~ o 90

e o M = w0

Chromosome

Figure 1. Manhattan plot of the association study with the photoaging score.
Distribution of — logl 0(F) obtained for the asociations tested between the
genotypes and skin pholoaging, according to Lamier's scale, along the human
chromosomes (Manhattan ploth.

STXBP5L and FBXO40) gene region also revealed positive
signals (P~10 ", bringing up a second hypothesis in which
153322458 G allele in the dominant mode, possibly in
combination with other alleles, might be implicated in the
phenotype.

FBXO40 encodes a protein characterized by a 40 amino-
acid F-box motif. This gene is expressed specifically in the
muscle (Ye ef al,, 2007), may function as a regulator involved
in the postnatal myogenesis (Ye ef al, 2007), and has a role in
muscle hypertrophy (Shi et al., 2011). F-box proteins are
involved in the SCF (Skp, Cullin, F-box containing) complex,
known to act as protein-ubiquitin ligases (Skowyra et al,
1997), and a recent study demonstrated that the SCF-F-box40
complex prevented skeletal muscle hypertrophy by limiting
the IGF1 pathway in the muscle (Shi ef al, 2011).

Both STXBP5L and FBXO40 were not known before for any
skin function. How could they affect skin aging? FBXO40 is
linked with the IGF1 pathway known for its role in inflamma-
tion, and its direct link with myogenesis could also explain its
impact on wrinkling and sagging severity. Knowing that
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obtained, which all involve the SNP rs322458.
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photoaging is intimately associated with the occurrence of
dysplastic skin changes, such as actinic keratosis as well
as nonmelanoma and melanoma skin cancer, it is striking to
see that STXBP5L has been linked to cancer (Katoh and
Katoh, 2004; Li et al., 2009). Therefore, the search for gene
polymorphisms involved in photoaging may also help to
identify risk factors for skin carcinogenesis.

MATERIALS AND METHODS

Study design and population

A crosssectional study was conducted to investigate skin aging
in the context of the SU.VLMAX cohort, a longitudinal cohort study,
conducted in French middle-aged adults (Hercherg et al, 1998). The
protocol was approved by the Hospital Medicals Ethics Committee of
Paris-Cochin (CCPPRB no. 706) and the “Commission Nationale de
Informatique et des Libertés’ (CNIL no. 334641). The study was
conducted according to the Declaration of Helsinski Prnciples. All
participants gave their written, informed consent. The SU.VLMAX
cohort included 13,017 volunteers who were representative of the
French adult middle-aged population for most sociodemographic
features (Hercherg et all, 2004).

This study was conducted in the autumn/winter of 2002-2003. All
women living in the Paris area were requested to participate in this
research. Among them (n=2,257), 570 women, aged 44-70 years,
agreed fo take part in this study and provided informed consent.
The participants were asked to follow specific skin care instructions;
notably, application of detergents or cosmetics to the face was not
authorized for at least 12 hours before the study visit. On the day
of the visit, they were first asked to complete a self-administered
questionnaire related to lifetime sun exposure behavior. Subse-
quently, standardized,  high-resolution  digital  images
(2,008 x 3,032 pixels) of the face were taken for each participant

three

ione frontal view of the face and one of each profile), using a Kodak
DCS 760 digital camera with a 105 mm camera lens (Kodak, Paris,
France}. The camera was mounted on a monopod and a specifically
developed chair was used to allow standardized positions of the
camera with respect to the face. Lighting conditions were standar-
dized by means of two symmetrical lamps, which provided a
continuous daylight spectrum, placed at 45" to each side of the face.
Finally, a blood sample was collected for genetic analysis.

Assessment of skin aging features

The facial photographs was examined for each woman by a
dermatologist, and the severity of global skin photoaging was rated
using a six-grade ordinal scale (Larnier et al, 1994), each grade being
depicted by three reference photographs that illustrate the diversity
and range of pigmentation disorders, wrinkling, and sagging. In
addition, the severity of 12 age-related skin features was also
assessed on forehead and on cheeks using specific  ordinal
photographic scales (Morizot et al,, 2002).

Outcome variables: phenotypes analyzed

The primary outcome variable is the global photoaging grade (1-6)
and the secondary outcomes varables are the three independent
scores: wrinkling, sagging, and lentigines scores. On the basis of the
12 age-related skin features, the global severity of wrinkling, sagging,
and solar lentigines was estimated by three scores built using principal
component analysis and linear regression methods (Jobson, 1992).

§ Le Clerc et al.
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Then, each individual’s score values were transformed to fit a range
between 0 and 10.

The solar lentigines score is computed as follows: 1.25 x severity
on cheeks+1.25 x severity on forehead (with grade 0=0, grade
1=1, grade 2=2, grade 3=3, and grade >3 =4 for each skin area).
The sagging score is based on four features: 0.87 when presence of
bags under the eyes +0.78 » severity of nasolabial fold (with grade
<3=1, grade 3=2, grade 4=3, and grade >4=4)+093x
severity of tissue slackening + 1.07 » severity of drooping eyelids
(with grade <3=1, grade 3=2, and grade >3=3 for the two
preceding features). Finally, the wrinkling score is computed using the
six remaining features: — 0.64+0.42 x severity of wrinkles above
the upper lip (with grade 0 =10, grade 1 =1, grade 2=2, grade 3 =3,
and grade 4 =4)+ 0.64 x severity of wrinkles under the eyes (with
grade <3=0, grade 3=1, grade 4=2, and grade 5=3)+0.70 »
severity of fine lines on cheek (with grade 0=0, grade 1=1, and
grade 2 =2) + (.44 x severity of furrows between eyebrows + 0.54 x
severity of crow's feet + 1.06 x severity of coarse wrinkles on cheek
(with grade <2 =0, grade 2=1, grade 3 =2, grade 4 =3, and grade
5=4 for the three preceding features).

Covariables used for the statistical analysis: general and
phenotypic data

To focus more specifically on the genetic factors affecting skin aging,
several characteristics known to affect aging had to be taken into
account: age (in years), body mass index (BMI; in kgm ™%, smoking
habits (never, former, and current), and hormonal status (nonmeno-
pausal, menopausal with hormone replacement therapy, and meno-
pausal without hormone replacement therapy). BMI was categorized
as  underweight/normal — (BMI <25kem™%,  overweight
(25<BMI<30kgm™7), or obese (BMI =30kgm ™7} according to
the World Health Organization (WHO) recommendations (WHO,
1995). In addition, phenotypic data such as natural hair color at the
age of 20 years, eye color, skin color in winter, sunburn event
frequency, suntan intensity, and history of facial freckles were also
collected. Moreover, lifetime sun exposure intensity was estimated by
a score based on data collected by a self-reported questionnaire. This
score is a linear combination of five items weighted according to their
relative contribution to the score: voluntary sun exposure, exposure of
the body and the facial skin, exposure during the hottest hours of
the day, intensity of self-reported lifetime sun exposure, and
sunbathing. The design,
description of this score have been described previously (Guinot
etal, 2001).

consideration  for validation, and

Genotyping method

The 529 women were genotyped using Hlumina Infinium Huma-
nOmnil-Quad BeadChips (lllumina, San Diego, CA) that contain
1,140,419 markers. Genomic DNA (250ng) was whole-genome
amplified, fragmented, denatured, and hybridized on  prepared
HumanOmnil-Quad BeadChips for a minimum of 16hours at
48"C. Nonspecifically hybridized fragments were removed by wash-
ing, and the remaining specifically hybridized DNA was fluorescently
labeled by a single base extension reaction and detected using a
1Scan scanner (Illumina). Normalized bead-intensity data obtained for
each sample were loaded into GenomeStudio software (version 1.6.3;
IHlumina), which converted fluorescence intensities into SNP geno-
types. For the analysis, we considered only SNPs, consequently
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excluding the copy-number variations that represented 91,706 mar-
kers on the HumanOmnil-Quad BeadChips, Moreover, 2,182 SNPs
were removed because they were located on the Y chromosome and
they could not be analyzed as the population was composed of
women.

Qualily control
Using the GenomeStudio software (version 1.6.3; lllumina), we
analyzed the crude genotyping data, and SNPs were filtered accord-
ing to the following parameters. First, nine samples with a call rate
(percentage of SNPs genotyped by sample) of <95% in the Hllumina
clusters were removed. Second, the SNPs with a call frequency
{percentage of samples genotyped by SNP) of <99% were reclus-
tered, Third, after reclustering, samples with a call rate <98% were
deleted. This method has been already used in several studies (Le
Clerc etal, 2009; Limou et al, 2009, 2010). The clustering step can
create SNP genotyping errors, which can be prevented by following
the llumina  procedure  (hitpfwww.illumina.com/Documents/
productstechnotes/technote_infinium_genotyping_data_analysis.pdf).
This method evaluates the quality of the newly created clusters
according to several criteria, which can be manually checked and
corrected as necessary. In total, after all the quality control steps were
cared out, 56479 SNPs with a call frequency of <98% (2%
of missing data) were excluded. This procedure ensures reliable
senotyping data with little missing data. Hardy-Weinberg equilibrium
analysis was performed for cach SNP in each group by using an exact
statistical test implemented in PLINK software (Purcell et al, 2007).
Deviation from Hardy-Weinberg equilibrium in a group of patients
suggests an error in genotyping. Thus, 3,866 SNPs, which were not in
the Hardy-Weinberg equilibrium (P<1.0 % 1072, were rejected in
this way. We removed 191,123 SNPs with minor allele frequency
< 1% to avoid error of genotyping, leaving a total of 795,063 SNPs.

Identification of population stratification

To correct for possible population stratification, genotypes were
anmalyzed using EIGENSTRAT utility of the EIGENSOFT package
version 2.0 (Price et al, 2006). The two fist pass with the
Eigenstrat software pointed out 18 outliers, which were removed
from further analyses. Then, a third pass without outliers was
performed to determine the Eigen vectors. In the statistical analysis,
we used the top two Eigen vectors as covariables to correct
for population substructure in the association analyses (Price et al,
2006},

Statistical analysis

Of the 570 women who participated in the study, 68 were excluded
from the analysiss 18 had a history of recent antiaging invasive
procedures and 10 were observably nen-Caucasian. In addition, one
sample was removed because of insufficient DNA concentration,
12 samples were removed because the DNA was damaged, and nine
samples were removed after quality control. Furthermore, 18 outliers
appeared during the stratification analysis. Thus, the population
investigated for our genome-wide association study was composed
of 502 individuals.

The population was first described according to the severity of
photoaging, using a series of analyses of variance for quantitative
variables and using ¥ tests for qualitative variables. In addition,
Kendall rank correlation coefficients were calculated between age
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and each outcome variable, and between each pair of outcome
variable (Armitage, 1971). Then, for the remaining 795,063 SNPs and
502 women, the associations between the genotypes and skin
photoaging were tested. The statistical analysis was performed by a
multivariate linear regression (PLINK software; Purcell et al, 2007} in
the genotypic mode, taking as covariables the two first Eigenstrat
principal components and the potential confounding factors (smoking
habits, BMI, hormonal status, lifetime sun exposure intensity, and
agel. The Pwalues were adjusted by the Bonferroni correction
(statistical threshold =6.28 x 107 %, Finally, for the secondary
outcome variables, additional analyses were performed using the
same methodology.

Haplotype inference and LD

Haplotype inference was obtained using the rapid and accurate
Shape-T algorithm (Delaneau etal., 2008, 2012). Then, for each SNP
exhibiting a significant association, we looked for other SNPs in LD
(F>0.8) in the HapMap population of Western European ancestry
(CEU, HapMap data Release 24/phase Il November 2008, on NCBI
B36 assembly, dbSNP126; available at: http://www.hapmap.ormg)
to identify the genes possibly involved with the associations. A SNP
was assigned to a gene if it was located in the gene or in the 2-kb
flanking regions (potential regulatory sequencel; otherwise, it was
considered intergenic. It is important to note that LD in HapMap
population of Westem European ancestry is very similar in our group
of patients,

Bioinformatics exploration

To further explore the signals observed by the GWAS by using
bivinformatics exploration we tried to look for modifications in mRNA
expression levels (Yang et all, 2010; Nica et al, 2011; Dixon et al,,
2007; Zeller etal,, 2010), splicing (NetGene2, http://www.chs.dtu.dk/
services/NetGene2/), polyadenylation regions (polyAH, hitp/linux1.
softhemy.com/berry phtml?topic=polyah&group=programs&subgroup=
promoter and poly Apred, hitp:fwww.imtech res.in/raghava/polyapred/
submission.html), transcription factor binding sites (SignalScan, http:/
www-bimas.cit. nih.gov/molbio/signal/, TESS, http://www.chil.upenn.
edu/cgi-bin/tess/tessRO=WELCOME, and TFSearch, http://www.chrc.
jpiresearch/db/TFSEARCH.html, derived from TRANSFAC database),
and miRNA genes or miRNA targets (miRBAse, http//www.mirbase.
org/, miRTarBase, http:/mirtarbase. mbe.nciuedutw/, MicroCosm
Targets, httpzfwww .ebi.ac.ukienrght-srv/microcosm/htdocstargets/'va).
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Abstract

Background Sleep lines are caused by individual’s sleeping positions and should be differentiated from expression
wrinkles.

Objective The aim of the study was to investigate possible risk factors for sleep lines on a sizeable sample of middle-
aged Caucasian women.

Methods This study involved a sample of 542 French middle-aged women (44 to 70 years old) from Paris area. Three
standardized facial photographs (face and profiles) were examined independently by two dermatologists allowing the
identification of sleep lines and the evaluation of the severity of several facial skin features. Possible impacts of MC1R
gene polymorphisms were tested using logistic regression models.

Results Sixty women (11%) had facial sleep lines and showed generally more than one sleep line. The sleep lines were
often located on the forehead, along the nose, on the cheeks and under the eyes, and more rarely on the chin. As
expected, the sleep lines were associated with age, and the women with sleep lines showed also more severe signs of
skin ageing. After adjustment on possible confounders, the presence of two major diminished function variants of the
MC1R gene was identified as a strong risk factor for sleep lines [adjusted odds ratios (AOR) (95% CI): 8.25 (2.62-25.97)].
Discussion/Conclusion The data in the literature are scarce and this study is the first to be conducted on a sizeable
sample of women. Our results suggest that genetic variations of MC1R are important determinants of the development
of sleep lines.
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Introduction

Over time, damage on elastic fibres and collagen tend to accu-
mulate resulting in deeper folds and wrinkles on the face.
Between other etiologies for these damages, photoageing, earth’s
gravity and the repetition of expressions are known to be major
aggravating factors. In 1987, Stegman following the observation
of his own face, noticed particular creases affecting the lateral
forehead that have been developed during sleep.’ Consequently,
he called them ‘sleep creases’. In 1999, Fulton and Gaminchi
expanded the clinical description on a small group of individuals

JEADV 2013

and identified new sleep lines, such as oblique lines over the lat-
eral orbicularis muscle, lines along the side of the nose and along
the side of the chin, and therefore have preferred to call them
‘sleep lines’.* In addition, these authors reported links between
sleep lines and the location of underlying superficial musculo-
aponeurotic system. More recently, Sarifakioglu et al? published
about this phenomenon, focusing on sleep lines on the forehead
of men. Overall, the most notable finding of these studies was
the demonstration that the sleep lines are different from wrinkles
as sleep lines follow oblique directions, in comparison to

© 2013 The Authors
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expression lines, as they are not secondary to muscle move-
ments. Besides, they are initially slightly visible and transient,
but they persist longer progressively and finally become notice-
ably visible and permanent.

We recently established that polymorphism in the melanocor-
tin-1 receptor (MCIR) gene, besides its role on skin and hair
colour, has a statistically significant impact on skin photoageing,
and that carriers of two major diminished function variants
show a significantly increased risk of severe photoageing com-
pared with wild type individuals.* Therefore, we hypothesized
that MCI1R gene might be linked with other skin features, such
as sleep lines.

To date, the studies on sleep lines have only been based on
sparse clinical observations and poorly documented especially in
women. Also, the impact of potential risk factors was never
investigated. In this context, we conducted a study on a sizeable
sample of middle-aged Caucasian women to investigate the
potential links between sleep lines and behavioural, phenotypic
and MCIR gene polymorphisms.

Material and methods
Material
Study design and population This cross-sectional study

in the context of the SU.VLMAX cohort
(SUpplémentation en Vitamines et Minéraux Anti-oXydants —

was carried out

antioxidant vitamin and mineral supplements), a longitudinal
study, conducted on French middle-aged adult volunteers
that focused on the relationships between nutrition and
health through main chronic disorders prevalent in industri-
alized countries.™ This study was conducted in fall/winter
2002-2003 on a sample of 370 middle-aged female volunteers
(age range 44-70 years) who lived in Paris area* To be
included, volunteers had to be Caucasian and have no history
of facial antiageing procedure such as filling agent’s injection,
laser intervention or plastic surgery. Moreover, women had
to follow specific skin care instructions, especially no applica-
tion of detergent or cosmetic product on the face for at least
12 hours before the study visit. Three standardized high reso-
lution digital images (2008 x 3032 pixels) of the face were
taken from each woman (one of the face, one of each pro-
file) with a Kodak DCS 760 digital camera combined with a
105-mm camera lens (Kodak, Paris, France).

Of the 570 volunteers who agreed to participate in the study,
28 were excluded from the analysis because they did not fulfil at
least one inclusion criterion: 18 had a history of recent antiage-
ing invasive procedures and 10 were non-Caucasian. So, the final
population was composed of 542 volunteers.

Assessment of general and phenotypic data Age (in years),
height (in metres), weight (in kilogrammes), smoking habits
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(never, former, current), hormonal status [no menopausal, men-
opausal with hormonal replacement therapy (HRT), meno-
pausal without HRT], were obtained on the day of the visit from
a medical questionnaire during a standardized interview per-
formed by trained interviewers. Natural hair colour at the age of
20 was ascertained and classified as following: red, blond, light
brown, dark brown or black. Eye colour was recorded as being
either brown/black, hazel, green or blue/grey. Skin colour was
recorded as fair or dark. Skin phototype was recorded according
to Fitzpatrick’s classification, as follows: ‘always burn, never tan’:
skin type I, “always burn, then tan’: skin type II, ‘always tan,
sometimes burn’: skin type I11, and ‘always tan, never burn’: skin
type IV.” Body mass index (BMI in kg/m?) was calculated as the
weight divided by the square of the height. Body mass index was
categorized as underweight-normal (BMI < 25 kg/m?*), over-
weight (25 < BMI <30 kg/m?) or obese (BMI = 30 kg/m?),
according to the WHO recommendations.® Moreover, each par-
ticipant was asked to complete a self-administered questionnaire
relating to her sun exposure behaviour. The following item of
the questionnaire (global self-assessment): ‘How would you
describe the intensity of your skin’s exposure to the sun during
your lifetime? none, mild, moderate or severe’ was used to assess
the intensity of lifetime sun exposure.

Assessment of severity of skin ageing features Each set of
facial photographs was examined by a trained dermatologist to
rate the severity of some skin ageing features using specific ordi-
nal photographic scales: fine lines on the forehead (none-few/
some/many), crow’s feet (none-slight/moderate/severe), nasola-
bial folds (none-slight/moderate/severe) and glabellar frown
(none-slight/moderate/severe).”

Assessment of the outcome variable: presence of slegp
lines Afterwards, each set of facial photographs was examined
independently by the same dermatologist and by another derma-
tologist to detect the presence of sleep lines. In case of disagree-
ment, which occurred only three times, the set of photographs
was examined again conjointly to reach an agreement. Then, a
detailed description of the sleep lines detected was made, includ-
ing location areas and the side of the face affected.

Detection of MC1R gene variants Blood samples were col-
lected the day of the visit, lysed in NASBA lysis buffer (Organon
Teknika BV, Boxtel, the Netherlands) and stored at —80°C until
assay. The methods used for identification of the genes polymor-
phisms have been detailed elsewhere.*

Methods

Statistical analyses were performed using SAS® software release
9.1.3 (SAS Institute, Cary, NC, USA). A descriptive analysis of
the population was first performed with Pearson’s ¥* indepen-
dency test or Fisher's exact test when needed {SAS."STA'I“@,

© 2013 The Authors
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FREQ procedure options CHISQ and EXACT FISHER). Then,
to identify among the phenotypic and behavioural data, the vari

ables associated with the presence of sleep lines, a series of logis

tic regression analyses adjusted for age were performed. Finally,
all the variables individually associated with the presence of sleep
lines were entered into a multivariate logistic regression model. 10
Interaction terms were also tested in the final model. The results
are expressed as adjusted odds ratios (AOR) together with their

95% confidence interval (95% CI) estimates.

Results

Among the 542 participants, sleep lines were detected on 60
(11%) women on five areas of the face: forehead, cheeks, chin,
nose and under the eyes (Table 1). The majority of the women
presented frequently more than one sleep line: 26 (43%) pre
sented only one sleep line, 42% two sleep lines, 13% three sleep
lines and one women presented four sleep lines. As expected,
women with sleep lines had globally significantly more severe
skin ageing features, excepted fine lines on forehead and glabel
lar frowns, than women with no sleep lines (Table 2).

The relationships between sleep lines and behavioural and
phenotypic data are shown on Table 3. The presence of sleep
lines is significantly linked with the age of the individuals,
women with sleep lines being significantly older. Besides, a sig

Table 1 Frequency (percentage) of women presenting at least
one sleep line on each facial area (some women had sleep lines on
more than one facial area)

Total number of women with sleep lines, N = 60

Women with sleep lines on the forehead, n = 30 (50%)

Women with sleep lines along the nose, n = 30 (47%)

Women with sleep lines on the cheek, n = 20 (33%)

Women with sleep lines on the area under the eyes, n = 18 (30%)
Women with sleep lines on the chin, n = 6 (10%)

nificant link was also found with MC1R genotype. The women
with two major diminished function variants presented a higher
risk to have sleep lines. No significant link was found with smok

ing habits, hormonal status and self-assessed lifetime sun
exposure.

Discussion

The data concerning sleep lines in the literature are scarce, and to
our knowledge, this study is the first realized on a sizeable sample
of middle-aged Caucasian women. Our findings show that 11%
of the women in our sample, aged between 44 and 70 years, had
sleep lines, the majority of these women presenting more than
one sleep line. The most common sleep lines in our sample were
located on the forehead, the nose and the nasolabial folds, while

Table 2 Relationships between age-related skin features and presence of sleep lines (frequency and %)

Variable Presence of sleep lines Total P
No Yes
N = 482 N =60 N =542
Forehead fine lines MNone 41 (8.5%) 3 (5.0%) 44 B.1%) 0.44
Some 228 (47.3%) 26 (43.39%) 254 (46.9%)
Many 213 (44.2%) 31 (51.7%) 244 (45.09)
Glabellar frown Grade = 0 2 (0.4%) (0.0%%) 2 (0.4%) 019 F
Grade = 1 31 (6.4%) 2 (3.4%) 33 (6.1%)
Grade = 2 29 (6.0%) 3 (5.09) 32 (5.9%)
Grade = 3 115 (23.9%) 8 (13.3%) 123 (22.7%)
Grade = 4 108 (22.4%) 12 (20.0%) 120 (22.19%)
Grade = 5 197 (40.9%) a5 (58.3%) 232 (42.8%)
Crow's feet Grade = 0 1 (0.2%) 1] (0.0%) 1 (0.2%) <001 F
Grade = 1 30 (6.2%) 1 (1.7%) 31 (5.7%)
Grade = 2 138 (28.6%) (5.09) 141 (26.0%)
Grade = 3 185 (38.5%) 18 (30.0%) 203 (37.5%)
Grade = 4 99 (20.5%) 24 (40.0%) 123 (22.7%)
Grade = 5 29 (6.0%) 14 (23.3%) 43 (7.9%)
Nasolabial folds Grade = 0 10 (2.1%) (0.0%) 10 (1.9%) <0.001
Grade = 1 40 (8.3%) 3 (5.0%) 43 (7.9%)
Grade = 2 59 (12.2%) 1 (1.6%) 60 (11.19%)
Grade = 3 114 (23.7%) 9 (15.09%) 123 (22.7%)
Grade = 4 179 (37.1%) 25 (41.7%) 204 (37.6%)
Grade = 5 80 (16.6%) 22 (36.7%) 102 (18.8%)

‘Pvalue of ¥ test or of Fisher's exact test (F).
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Table 3 Relationships between phenotypic data, behavioural data, genotypic data and presence of sleep lines. The adjusted odds ratios
(AOR) are adjusted for age, excepted the age

Variables Presence of sleep lines Prob. of Wald AOR * [95% CI] t
test
No (n = 482) Yes (n =60)
Age (in years) 57.4% + 6.4 60.2 + 6.4 0.0019 1.07 [1.03-1.12]
BMI classification Normal 314§ (88%) 43 (12%) 0.26 1
Overweight 124 (89%) 15 (11%) 0.80 [0.43-1.51]
Obese (95%) 2 (4%) 0.32 [0.07-1.36]
Hormonal status No menopausal 7 (95%) 5 (5%) 057 1
Menopausal with HRT 249 (89%) 32 (11%) 1.36 [0.44-4.20]
Menopausal without HRT 136 (86%) 3 (14%) 1.73 [0.53-5.61]
Eye colour Light 329 (89%) 2 (11%) 0.86 1.06 [0.58-1.91]
Dark 148 (89%) 8(11%) 1
Hair colour Red/blond/light 354 (88%) 48 (12%) 036 1.36 [0.70-2.67]
Dark brown/Black 123 (91%) 12 (9%) 1
Skin colour Fair 363 (88%) 50 (12%) 0.15 1.70 [0.83-3.49]
Dark 114 (92%) 10 (8%) 1
Freckles Present 195 (88%) 27 (12%) 0.45 1.24 [0.72-2.13]
Nore 282 (90%) 33 (10%) 1
Suntan intensity None/slight/light 285 (88%) 38 (12%) 0.65 1.14 [0.65-2.00]
Dark/very dark 192 (90%) 22 (10%) 1
Sunburn event Frequency Frequent/constant 131 (88%) 8(12%) 042 1.28 [0.70-2.33]
None/rare 346 (89%) 42 (11%) 1
Skin phototype -l 234 (89%) 28 (11%) 0.91 0.97 [0.56-1.67]
l-1v 248 (89%) 32 (11%) 1
Lifetime sun exposure MNone to mild 308 (88%) 42 (12%) 0.50 1
Moderate to severe 169 (90%) 8(10%) 0.82 [0.45-1.48]
Smoking status No smoker 271 (88%) 37 (12%) 0.90 1
Former smoker 157 (90%) 7(10%) 0.88 [0.48-1.83]
Current smoker 4 (90%) 6 (10%) 1.06 [0.42-2.71]
MC1R polymorphism WT/WT 165 (89%) 20 (11%) 0.0011 1
Only minor variants 183 (90%) 20(10%) 0.93 [0.48-1.80]
One major variant 111 (92%) 10 (8%) 0.77 [0.35-1.73]
Two major variants 8 (53%) 7 (47%) 8.25 [2.62-25.97]

*Adjusted Odds Ratio.
+95% confidence interval.

FMean + Standard Deviation.

§Freguency and (%).

HRT = hormonal replacement therapy.

sleep lines on the chin were the least frequent. Besides, we found
significant links between the presence of sleep lines and both
chronological age and more severe age-related skin features. The
exact patho-mechanisms underlying the development of sleep
lines remain to be elucidated. However, dermal changes are
known to be linked to collagen, elastic fibres and intercellular
matrix damage, and are more prominent with age. Moreover, a
number of phenotypic features are also known to influence the
degree of skin ageing, notably skin colour and skin photo
type.' *'* Based on this evidence, it can be expected that the
genetic background that influences the phenotype may take part
in the process of development of sleep lines. Hence, recent find

JEADV 2013

ings have shed light on the role of MCIR polymorphism on skin
colour, lentigines and the severity of facial photoageing, whereas
studies investigating the impact of polymorphisms of other genes
such as elastin, collagen, MMP1 and MMPY on time-dependent
skin changes are still cxpcctcd."'”'”

In conclusion, the onset and development of sleep lines are
probably related to sleeping behaviour, as initially suggested by
Stegman.! However, we clearly found a link between MCIR gene
polymorphisms, ie. the presence of two major diminished func
tion variants, and the presence of sleep lines. This finding may
shed light on the possible common pathways between skin
photoageing and sleep lines.

@ 2013 The Authors
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Approche épidémiologique du a4
role des acides gras sur le SU-VI-MAX
vieillissement cutané dans le
cadre de I'etude SU.VI.MAX

Résumé

L'éventuel effet photo-protecteur sur la peau deslés a été jusqu’a présent peu examiné. L'oljeleti

cette these était d’étudier le lien entre l'appalitnentaire en acides gras mono-insaturés (AGMIgre

acides gras polyinsaturés (AGPI) n-3 et le photHissement cutané du visage chez une large ptpul

d’hommes et de femmes agés entre 45 et 60 andrav@six ont mis en évidence un lien inverse emse |

apports en en huile d'olive et la sévérité du phosillissement. Lors de I'étude des AGPI n-3, ignl
inverse a été mis en évidence entre la sévérigghdto-vieillissement et les apports en aaideolénique

(ALA) des huiles végétales et des fruits et Iégurtexz les hommes. Chez les femmes un lien inveésé

—F

D

a

trouvé avec les apports en acide eicosapentaéndife®) et une tendance avec les ALA des huiles

végétales. Ces travaux soutiennent les recommamndagin faveur d’'un régime riche en huile d'oliveest

AGPI n-3 comme celui du régime méditerranéen.

Mots-clés :Epidémiologie, photo-vieillissement cutané, acigess, nutrition

Résumé en anglais

The possible effect of dietary lipids on the photdection of the skin has been few investigatethsoThe
aim of this thesis was to investigate the linksnmein dietary monounsaturated fatty acids (MUFA) a8l

polyunsaturated fatty acids (n-3 PUFAS) on fackah photoaging in a large population of men and wam

aged between 45 and 60 years old. An inverse aggntiwas found between intakes of olive oil anel
severity of photoaging. Concerning n-3 PUFAs, sev@notoaging was inversely associated in men

intake of a-linolenic acid (ALA) from both vegetable oil anduits & vegetable. In women, an inverse

relationship was found with the intake of eicosdapenoic acid and a tendency with ALA from vegetgble

oil. These findings support the recommendationsafatiet rich in olive oil and n-3 PUFAs such as

Mediterranean diet.

Key-words: Epidemiology, cutaneous photoaging, fatty acidst di
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